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NR 
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RAM 
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R-0 

R-P 

S/L or SL 

SRT 

SPDA 

STDN 

STS 

TDRS 

WBS 


Ames Research Center 

Bioexperiment Support & Transfer 

Cost Estimating Relationship 

Command and Data Management Subsystem 

Central Integration Site 

Carry-On Laboratory 

Common Operational Research Equipment 

Cathode Ray Tube 

Concept Verification Test 

Environmental Control/Life Support Subsystem 

Environmental Control System 

Experiment Development Center 

Equipment Item 

European Space Agency 

General & Administrative 

Government Furnished Equipment 

Ground Support Equipment 

Headquarters (NASA) 

Integrated Medical & Behavioral Laboratory Measurement System 

Johnson Space Center 

One Thousand (e. g. , $K or Kbits) 

Kennedy Space Center 

Life Support & Protective Systems 

One Million 

Mini-Lab 

Marshall Space Flight Center 
Man Systems Integration 
Manned Space Operation Building 
Non-Recurring 
Orbiter Processing Facility 
Payload Changeout Room 
Payload Operations Center 
Research and Application Module 
Remote Acquisition Unit 
Recurring Operations (Cost) 

Recurring Production (Cost) 

Spacelab 

Supporting Research & Technology 
STS Payload Data & Analysis 
Space Tracking & Data Network 
Space Transportation System 
Tracking and Data Relay Satellite 
Work Breakdown Structure 
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1 . 0 INTRODUCTION 


This document and updated versions of it are primarily intended to define the system 
requirements of the Life Science laboratories through various mission phases. 
Secondarily it can be used to acquaint the engineer, scientist, and program planner 
with the selected laboratory capabilities and limitations. 

The system requirements of three selected life Science laboratory concepts are 
defined for the mission phases of pre-launch, launch, on orbit, descent, and post 
landing. 


2 . 0 LITE SCIENCE LABORATORY CONCE PTS 


The objective of having a family of Life Science laboratory concepts is to provide for 
program planning flexibility. This flexibility satisfies the science requirements as 
well as programmatic considerations. 

The system requirements defined in this databook are based upon three classes of 
laboratories. 

1. Carry-On Laboratories (COL) - These laboratories are the 
smallest being considered and generally weigh less than 25 Kg. 

They have minimum interface requirements and can be installed 
in the Orbiter crew compartment. They are normally considered 
for flights of opportunity of seven days or less. 

2. Mini-Lab - These laboratories are intermediate in size and generally 
weigh less than 500 Kg. They are contained in one to several Spacelab 
equipment racks and have significant interfaces with the power, ECS, 
and CDMS. They are used on shared missions with durations from 

7 to 30 days. 

3. Dedicated Laboratories - These laboratories are the largest being 
considered and may weigh as much as 2500 Kg. As the name implies 
these laboratories are dedicated only to life Sciences research. 

They have extensive interfaces with the Spacelab subsystems. They 
may use as many as three discipline specialist on missions from 

7 to 30 days. 

The individual laboratory concepts defined during the phase A study are defined below'. 
The system requirements are presented for one lab from each of the three classes. 
The selected laboratories for detail system requirement definition are: COL-2A, 
ML-1A and MOD-IA. 


Lab Concept 

Designation 

Research Emphasis 

Carry-On 

COL-2A 

Biomedicine 

Carry-On 

COL-3A 

Biomedicine 

Mini-Lab 

ML-1A 

Biomedicine {1st US/ESA Mission) 

Mini-Lab 

ML-2A 

Biomedicine/Biology 

Mini-Lab 

ML-3A 

Biomedicine 

Mini-Lab 

ML-4A 

life Support/Protective Systems 

Mini-Lab 

ML-5A 

Man-Systems Integration 

Mini-Lab 

ML-2B 

Biomedicine/Biology 

Mini-Lab 

ML-2C 

Biomedicine/Biology 

Mini-Lab 

ML-2D 

Biology 

Dedicated Lab 

MOD-IA 

Bio medicine /Bio logy 
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Table 2-1. Life Sciences Laboratory Equipment Inventory, Contd 
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Equipment Item Name 
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Equipment Item Name 
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Lab Concept 


Designation Research Emphasis 


Dedicated Lab 

Dedicated Lab 

Dedicated Lab 
Dedicated Lab 
Dedicated Lab 


MOD-HA 

MOD-HIA 

MOD-HB 

MOD-HC 

MOD-DIB 


Biomedicine/Biology/ 

Adv. Technology 
Biomedicine/Biology/ Adv. 

Tech* & Centrifuge 
Biology/Biomedicine 
Biology /Biomedicine 
Biology-Centrifuge/Biomedicine 


Those concepts with multiple research emphasis , i.e. , Biomedicine /Bio logy can 
accomplish either or both areas in a single mission. The actual emphasis will depend 
upon the experiment or research protocol for the specific mission. The 16 laboratory 
concepts presented have been scheduled into mission models that will be used for NASA 
planning. The inherent flexibility of the multi laboratory concept permits the develop- 
ment of new mission model combinations to meet various NASA programmatic require- 
ments. 


The common operational research equipment (CORE) inventory for all the above 
laboratory concepts is summarized in Table 2-1. Each selected laboratory equipment 
complement is presented in detail in the subsequent design portions of this document. 

In addition to the CORE certain equipment items will be added to the laboratory com- 
plement as FI supplied. These are experiment specific items that would be developed 
independent^ by the FI and are not definable at this time. An allocation in weight, 
power, and storage volume must be provided in each mini and dedicated laboratory for 
these FI supplied items. 

2.1 CARRY-ON LAB 2A (COL-2A) 

2.1.1 System Requirements Summary 

The functional, operational, performance and design characteristics of the,COL-2A 
during the various mission phases are summarized in Table 2-2. The details of these 
laboratory characteristics are presented in the following subparagraphs of this section. 


2.1.2 Functional Requirements 


This Carry-On Lab performs body fluid composition and electrolyte functions research 
by sampling, fractionating, preserving and returning for ground analysis, human 
blood samples. 


2.1.3 Operational Requirements 

The freezer (EI81) is operational from the time cryogenic coolant is loaded aboard at 
prelaunch until sample removal post-landing. This requirement implies power 
availability during ascent/descent, on-orbit and certain ground phases. 


Table 2-2. System Requirements Summary (COL-2A) 


to 


LABORATORY 

CHARACTERISTICS 

FUNCTIONAL 
(What does it do ?) 


SYSTEM REQUIREMENTS BY MISSION PHASE 


PRE-LAUNCH 


LAUNCH 


Freezer operation Same as pre- 
required or pre- launch 
chill freezer 
module 


ON-ORBIT 


DESCENT 


POST LANDING 


| Biomedicine 
1 research, 
j Cardiovascular 


Support and Same as 
maintain frozen descent 
samples 


OPERATIONAL 
(What are requirements to 
assure an effective and safe 
payload ?) 


No significant 
interaction 


No significant Access required 

interaction by crew during 

first day in 
orbit. Blood 
samples taken. 


No significant 
interaction 


Remove 
freezer and 
samples 


PERFORMANCE 

(What are reqmts. for power, 

data, ECS and environmentals ? 


Interface with 
power subsystem 
for blood centri- 
fuge 


Withstand 3g 
acceleration 
power needed 
during launch 


5510 Watts 


DESIGN 

(What are requirements for 
equipment, configurations, 
and sizes?) 


Install in orbiter 
crew compartment 
stowage racks. 
Vent «0.5kgLN g 
per day 


Design for 3g 
acceleration 
Vent * o. 5 kg 
LN 2 /day 


Power: 

Avg. 10.42W 
Peak 110W 
Heat rejection 
equiv. to above 


Maintain 
cryogenics to 
freezer 
Power -10 W 


Maintain 

freezer 

temperature 

-70°C 


power. 

No data mgt. re- 
quired 

Weight 25.2 Kg 
Volume 58.4dm 
Vent *0.5 kg 
LN 2 /day 


Stow & restrain 
equipment for 
reentry 
Vent ~ 0. 5 kg 
LNg/day 


Design for 
easy removal 
of freezer and 
samples 
Vent ~ 0. 5 kg 
LN 2 /day 
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Table 2^3* Power Requirement Summary (COL-2A) 


LAB CODE: COL 2A 


Equipment Items 
Using Power 


40A Cent* - Blood Sample 
81 Freezer (-70*C) 
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Crew requirements are minimal. Crewman, trained in drawing blood from fellow 
subjects, would suffice. Operating the blood sample centrifuge (El 40A) and recording 
and labelling samples are easily trainable. Total operating time for this payload is 
estimated to be 0. 5 hr during the first day and essentially zero thereafter. 

2.1.4 Performance Requirements 

This section deals with the power data, and environmental control factors associated 
with the carry-on payload. 

2.1. 4.1 Power and Energy Requirements 

The power demands for this COL are attributed to two items; the centrifhge for blood 
processing, and the controls for the cryogenics used to maintain the desired freezer 
temperature. This power must be made available in the general stowage area of the 
crew compartment. 

The average power consumption is 10.42 watts during the first day and 10 watts until 
unloading after landing. The peak power is 110 watts and occurs for about 3 minutes 
during the first day of the mission. Total energy required is about 240 watt-hours per 
day. Table 2-3 summarizes all the specifics of the power requirements. 

2. 1.4.2 Data Requirements 

There is no CDMS interface support required for this payload. Data requirements are 
minimal and consist primarily of labelling samples and log book entries. 

2. 1 . 4.3 Environment Control Requirements 

The heat rejection is equivalent to the electrical energy usage. The level is relatively 
tow and will be rejected to the air in the crew compartment of the orbiter. • 

2.1.5 Design Requiremen ts 

The equipment list for the COL-2A is shown in Table 2-4. 

The interface requirements include the power connection, and the venting provisions 
of the liquid nitrogen from the dewar to the freezer and then the crew compartment. 

2.2 Mini-Lab 3A (ML-1A) 

2.2.1 System Requirements Summary 

The functional, operational, performance and design characteristics of the ML-1A 
during the various mission phases are summarized in Table 2-5. The details of the 
laboratory characteristics are presented in the following subparagraphs of this 
section. 
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Table 2*5. System Requirement Summary (ML-1A) 


LABORATORY 

CHAR ACTERISTICS 

FUNCTIONAL 

(WHAT DOES IT DO?) 


SYSTEM REQUIREMENTS BY MISSION PHASE 


DESIGN 

{WHAT ARE REQUIRE- 
MENTS FOR EQUIP, * 
CONFIGURATIONS & 
SIZES?) 


PRE -LA UNCH 

SUPPORT ORGANISMS OPO 
PACKAGE WITH POWER 
DATA & ENVIRONMENT, 
CAN BE LOADED 9 DAYS 
PRIOR TO LAUNCH, 

I FREEZER OPERATION OR 
! PRE-CHILL PRIOR TO 
LAUNCH, 


LAUNCH 

SUPPORT ORGANISM OFO 
PACKAGE WITH POWER. 
DATA ft ENVIRONMENT. 


OPERATIONAL 
(WHAT ARE REQUIRE- 
MENTS TO ASSURE AN 
EFFECTIVE AND SAFE 
PAYLOAD?) 


PERFORMANCE 
(WHAT ARE REQUIRE- 
MENTS FOR POWER. 
DATA, ECS AND 
ENVIRONMENTAL?) 


ORGANISM LOADING ON PAD NO 2'GNI 
DESIRABLE - ACCESS RfQTD. ACTION, 
ON PAD TO MONITOR AND 
CHECKOUT ORGANISMS ON 
A SCHEDULED BASIS. ■ 

COORDINATE WITH OTHER 
SHARING DISCIPLINES, 


NO C'GNIFICANT INTER- 


POWER - 65W CONTINUOUS 
20 GW - 8 HOURS/DAY FOR 
FREEZER Etao 
DATA - 106 KBPS FOR 
30 MIN EVERY HOUR 
ECS - PROVIDE HEAT RE- 
JECTION FOR ABOVE POWER 
CONSUMPTION. 
ENV1RONMENTALS - NO 
ESTABLISHED REQMTS. 


INSTALL EQPT, IN 1-1/3 
SPACE LAB RACKS + FLOOR 
MOUNTED RLC 
(.30 x . 70 x ,00 m) 

VENT - ,5 Kg LN 2 /Day 
(FREEZER El 81) 


* POWER REQUIRED 65W 
FOR OFO PACKAGES, 
FREEZER fir WOODLAWN 
WANDERER, 

DATA 10SKBPS CONTIN- 
UOUSLY. 

ECS - REJECT HEAT FOR 
ABOVE POWER. 
ENV1RONMENTALS - NONE 
SPACE LAB +OFO PACKAGE 
PROVIDES ADEQUATE 
ACOUSTIC ATTENUATION. 
WITHSTAND LAUNCH 
LOAD OF 3 g ACCELER. 
DESIGN FOR 3g ACCELER- 
ATIONS. 

VENT = .5 Kg LN^ /DAY 


BIOMEDICAL RESEAL H IN 
THE AREAS OF r I) VESTI- 
BULAR, 2) CARDIOVASCULAR 
3) BIOCHEMICAL REACTICKS 
TO STRESS. *t| CELLULAR 
PHYSIOLOGY 


SUPPORT ORGANISM OFO 
PACKAGE - MAINTAIN 
FROZEN SAMPLES 


POST LANDING 
SAME AS DESCENT 


NEED A MULTI -DISCIPLINE 
SPECIALIST FOR » 2 HRS/ 
DAY. 

NEED LABORATORY (ML-1A) 
STATUS DISPLAYS, I.E., 
ENVIRONMENTAL CON- 
DITIOKS. 

POWER 

ON DUTY A VC. - 225W 
ON DUTY PEAK - 621W 
OFF DUTY' A VG.- 194W 
OFF DUTY PEAK -32 7W 
DATA 

BUS RATE 106 KBPS 
ECS - REJECT HEAT FOR 
ABOVE POWER, PROVIDE 
HABITABLE ENVIRONMENT 
FOR MULTI-DISCIPLINE 
SPECIALIST. 

ENVIRONMENTAL? - RB3MIS 

TO BE DEFINED. 

WEIGHT 

COMMON EQPT. -347 Kg 
TOTAL MINI-LAB: 497 Kg 
VOLUME 

1-1/2 STANDARD SPACELAB 
RACKS 

EXPENDABLES 
at . 5 Kg LN 2 /DA Y 
(FREEZER E! 81) 

FLOOR MOUNTING PROVI- 
SIONS REQUIRED FOR THE 
ROTATING LITTER CHAIR 
DURING OPERATION. 


NO SIGNIFICANT 
INTERACTION. 


* POWER j 

REQUIRE G5W {SEE LAUNCH f 
FOR DETAILS) 

DATA - BUS RATE 106 KBPS 1 
ECS - REJECT HEAT FOR 
ABOVE POWER 
EX VIRONMENTALS - RQMTS. 
TO BE DEFINED. 


REMOVE FREEZER AND 
SAMPLES. 

REMOVE OFO PACKAGE ft 
WOODLAWN WANDERER. 


MAINTAIN HABITABLE 
ENVIRONMENT FOR 
ORGANISMS. 

MAINTAIN FREEZER 
TEMPERATURE (-70-C) 


STOW AND RESTRAIN 
EQUIPMENT FOR REENTRY. 

VENT ar.SKg LN^/DAY 


DESIGN FOR EASY REMOV- 
AL OF ORGANISM PKGS. 
AND FREEZER. 

VENT<s. 5 K fc LN 2 /t>AY 


■NO ASCENT/DESCENT POWER TO FIRST US/ESA 
PAYLOAD - BATTERY PENALTY USED 10 Kg/KW-HR) 



2.2.2 Functional Requirements 

The functional characteristics during the non orbit phases of the mission are basically 
those which support the organisms and the freezer requirements. 

During orbit the functional capability reflects the science requirements. This labora- 
tory stresses biomedical research as defined in Table 2-6. 


TABLE 2-6 


Research Requirements 

Specific Capability 

Blomedioine 


Vestibular 

Mechanical & neural responses of otolith organs to 
zero-g. 

Role of visual cues to space nausea. 

Role of altered body fluid volume, pressure & 
distribution to space nausea. 

Cardiovascular 

Gauer-Henry reflex. 

ECG, VCG, Pulse 

Anthropomorphic measurements of fluid shifts. 
Altered vascular flow, volume & pressure 
relationships. 

Biochemical Reactions 

Measure stress hormone, enzyme, fluid/electrolye 
& fluid volume changes. 

Cellular Physiology 

Single-cell type culture responses to zero-g — bone 
marrow. 


2.2.3 Operational Requirements 

The most significant operational requirement other than the need for a multi-discipline 
specialist for about 2 hours a day is the organism loading, access, and retrieval 
operations. 

Ideally the principle Investigators (FIs) desire on pad organism loading as late as 
possible in the launch countdown. Figure 2-1 presents the time lines associated with 
the presently recommended approach to all Life Science laboratory on-pad access 
requirements. This access is also the desired approach for ML-1A, however, there 
may be severe restrictions to on-pad access during the 1st US/ESA mission. This 
may require that the organisms be loaded in the Spacelab as much as nine days in 
advance of the launch. This early loading would require periodic monitoring and 
checking by ground personnel prior to launch. 

The removal of organisms after landing is required within two hours. Several options 
have been investigated and are shown in Figure 2-2. Option 1 requires the ground 
crew to enter the Orbiter/Spacelab at the planned crew exchange at landing + 30 
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pflELAUNCH HOURS 


OflBlYER POWERS* 

HATE SHUTTLf TO PAD A VERIFY 

SPACE LAI POWER ON 

SPACELAB ECS ON 
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HYPE AGOLIC SERVICE 

OPEN PAD 


ENTER ORBITER BAY 
INSTALL GSE 
INGRESS BEGINS 

TWO MEN ENTER SFACELAt VIA® 
TRANSFER SPECIMENS 
INSTALL SPECIMENS 
VERIFY INSTALLATION b INTEGRITY 
EXPERIMENT OPS VERIFICATION 


ORBITER ON PAD 
VERTICAL MODE 


EXPERIMENT DATA MONITORING 
RETURN TQ FLIGHT CONFIGURATION/ 
CLOSEOUT A EGRESS VIA © 

REMOVE GSE A ORBITER CLOSEOUT 
RETRACT PAYLOAD CHANGEOUT RM 
COUNTDOWN 
LIFTOFF 

DATA SOURCE: "GROUND ACCESS REQUIREMENTS 
FOR L/5 PAYLOAD ON-PAD LOADING/* 
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Figure 2-1. Life Science Payload Specimen Insertion On-Pad Access 


PAVLOAD ACCESS 
& OPERATIONAL 
REQUIREMENTS 


2 4 

A ORBITER LANDS 


OPTION 3 


pGRD POWER & COOLING AVAILABLE 
A CREW EXCHANGE & SPECIMEN REMOVAL 


SPACELAB f OPTION 1-- 
AC ° ESS 1 OPTION 2- - 


SPACELAB (OPTION 1 - ■ 

environment! 

CONTROL (OPTION 2.. 

ELECTRICAL OPTION 1,2 
POWER & 3 


HOURS AFTER LANDING 

6 S 10 12 14 16 IB 20 22 


KSC PRELIMINARY 
SPACELAB PROCESSING 
OPERATIONAL FLOW 
ALLOCATION 
AUG. 28, 1074 


! SPACELAB PWR ON 


ta 

O TOW TO OPF 0,5 HR 

I I ORBITER SPACELAB SAFE ING OPERATION 6.5 HR 


c 


J REMOVE HYPERGOLIC MODULES 4.5 HR 

I ' INSTALL GSE & OPEN P/L BAY DOORS 5.0 HR 

□ REMOVE PAYLOAD 3.0 HR 
1 I MOVE TO MSOB 3.0 HR 


C 


c 


-i SHUTTLE POWER & COOLANT 
AVAILABLE 

□ CARGO BAY PURGE AVAILABLE 


Figure 2-2. Postlanding Schedule — Spacelab 
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minutes and remove the organisms. Option 2 is the same as Option 1 except that 
instead of removing die organisms they are examined on board and data taken on the 
parameters of Interest. Option 3 requires that the organisms be removed from the 
Spacelab prior to descent and stowed in die orbiter cabin and off loaded at the crew 
exchange. Presently Option 3 is recommended for mini-labs with small organism 
populations. Option 1 is recommended for the dedicated labs with larger organism 
populations. 

2.2.4 Performance Requirements 

This section deals basically with the power, data, environmental control and environ- 
mental factors associated with the payload. Because this is a mini-lab payload it 
represents only a portion of the total performance requirements of the Spacelab. 

The other sharing payload requirements must also be considered. 

2. 2* 4.1 Power and Energy Requirements 

Varying quantities of power are needed in all mission phases, i.e. , prelaunch, launch, 
orbit descent and post landing. The most impacting are those requirements during pre- 
launch, launch, descent and post landing. The on-orbit requirements do not appear 
to result in any problems. 

Table 2-7 summarizes the power requirements associated with all power consuming 
equipment items within the laboratory* The duty time for each equipment item is 
based upon an estimate of the nominal usage of the equipment item during the seven- 
day mission. The peak power is determined by combining those items that could be 
used simultaneously with the items that are nominally on 24 hours a day. The ascent 
and descent power requirements were minimized by allocating power only to those items 
required to maintain the organisms environment and the specimen freezer temperature. 
The total energy consumption of this laboratory is about 5 kW-hrs a day. This is 
about ten percent of that available to all the paybads. 

2. 2. 4. 2 Data Requirements 

The data requirements cover all mission phases except the post landing. These data 
requirements will need either the Spacelab CDMS or separate recorders or both to be 
operational at various times during the non-orbit mission phases. 

The data sources and requirements are shown in Table 2-8 for the on-orbit operations. 
The OFO experiment packages (131J) produce the highest data rates and the largest 
data amounts. Downlinking of this stream in real time is assumed, although recording 
and subsequent near real time transmission is acceptable. 

A black and white video camera is also a part of this payload. Use and transmission 
to ground 1 b assumed to be 0.25 hours/day. 
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Table 2-7. Power Requirement Summary (ML-lA) 


LAB CODE: ML-lA I 

ORBIT OPERATIONS 

ASCENT 

descent! 

j Equipment items 

! Using Power 

Operating 
Power (Watts) 

On Time 
Hrs/Day 

Average 
On Duty 
Power 

Energy 

Peak Power Consumption 
Contribution Wjttrhrs^ay 

Watts 

Watts 

6A Airflow, Work Surface 

75 

.2 

1.25 


15 

0 

0 

7A Auto, Poteru Elec, Analy. 

100 

1 

8.33 


100 

0 

0 

37 Camera, Video B/W 

15 

.5 

. 63 

15 

7.5 

0 

0 

4QA Cent. Blood Sample 

100 

.2 

1.67 


20 

mm 

0 

51F Coolant Loop, Liquid 

50 

24 

50 

50 

1200 

mm 

0 

63C Display Numeric 

2 

8 

1.33 

2 

16 

0 

0 

80 Freezer 

200 

8 

66.67 

200 

1600 


0 

81 Freezer (Low Temp. ) 

10 

24 

10 

10 

240 

10 

10 

1 liE Lamp. Port. Hi Int. Photo. 

150 

.5 

6.25 

150 

75 

■■ 

0 

126 Microscope 

15 

.5 

.63 


7.5 

mm 

0 

126J Microscope Ass. Kit 

15 

.5 

.63 


7.5 

0 

0 

13U OFO Exp. Pack (2) 

40 

24 

40 

40 

960 

40 

40 

132 Oscilloscope 

75 

1 

6.25 


75 

0 

0 

1 53A RLC/Console 

127 

-4 

4.23 

127 

50.8 

0 

0 

156 Signal Conditioners (6) 

12 

24 

12 

12 

288 

0 

0 

187A Woodlawn Wander 

15 

24 

15 

15 

360 

15 

_15 

TOTALS 

1001 


224.87 

621 

5022.3 

65 

65 


Off Duty F 

>wer = 5( 

223-224. f 

7x12= 193. 

7 
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Estimated Crew Involvement 








~ 2 man-hrs/day during a 12-hour period 















Table 2-8. Data Sources and Requirements (ML-1A) 


PAYLOAD FIRST US/ESA SPACE LAB MISSION 
NO. M-L 1A 


-flL 


NAME 


MEASUREMENT DESCRIPTION 


FRECJ OF 
UPERAT1Cg| 


DURATION 

OF 

[OPERA TICK 


CONTINUOUS 
DATA RATE. 


DAILY 

TOTAL, 

bite 


SUPPORT 

NEEDED 


£ 


PROCESSING REQUIRED 


REMARKS 


7A 


80.81 


X31J 


1S3A 


to 

I 


Auto. Potent. Elect- 
Anal. 


Freezers 


OFO Experiment 
Packages 


Rotating Utter Chair 


Q tc 
set 

£ ^ 

S 6 

ns tr 

t> & 

K c 

Si 

so tr- 


Measure pH. pCO^. pO£t K r Ca, 
Na, Cl. glucose 

Monitor temperatures 


8 Otolith signals 
4 ECG signals 
Housekeeping 

EOG/EMG. Controls 


2 /day 


Otice/lO 

min. 

l/day 


^/mission 


0.5 hr j Negl. 


Negl . 


24 hr. I 100 K 


0.5 hr | 

Max. Fbte 10G KBPS 


5 K 


3 K 


8640 M 


11.7 Ml 


Conversion to cone, values. 
Downlink. 

Out-of-tolerance determination. 


Transmission to ground. Real-time 
or near real-time. 


Transmission to ground. 


Otolith channels sampled] 
at 2000 samples/sec; 
ECG at 500 sps. 


8650 AT 



2.2 4.3 Environmental Control Requirements 

The environmental control is associated with 1) the rejection ol heat equivalent to the 
power usage during all mission phases and 2) provisions for a habitable environment 
for in flight or ground crew members. 

The on orbit heat rejection of 225 watts is rejected to the racks (96 W), the cabin air 
(12 W), and the experiment heat exchanger (117 W). 

2. 2. 4.4 Environmental Factor Requirements 

The environmental factors include such items as acoustics, vibration, shock, 
cleanliness, contamination, electrical, magnetic, and radiation. Except in a pre- 
liminary nature, these have not been established. The Spacelab environmental fac- 
tors have been partially defined, however, (be user requirements in terms of 
tolerance limits, have not. 

2.2.5 Design Requirements 

The laboratory is composed of 27 equipment items which are contained in 1-1/3 
Spacelab racks plus a floor mounting for the rotating litter chair. Table 2-9 is die 
complete list of equipment along with estimates of the quantities, weight, power 
and volume. In addition to the common equipment which weighs 347 kg additional 
equipment consisting of racks, RAU's, power switch panels, converters, computer, 
interface hardware, and PI specific equipment brings the total weight to 497 kg. 

The overall design must be compatible with the maximum launch acceleration of 3 g's* 
The freezer venting of approximately 0. 5 kg/day must be considered in the pressur- 
ization and venting provisions of the Spacelab. The preliminary layout of the equip- 
ment within the racks is shown in Figure 2-3. The identification numbers on the 
layout indicate the equipment item numbers as presented in Table 2-9. 

2.3 Dedicated Laboratory IA (MOD-1A) 

2.3.1 System Requirements Summary 

The functional, operational, performance, and design characteristics of the MOD-1A 
dedicated lab during the various mission phases are summarized in Table 2-10. The 
details of these laboratory characteristics are presented in the following sub 
paragraphs of this section. 

2.3.2 Functional Requirements 

The functional characteristics during the non-orbit phases of the mission are basically 
those which support the organisms holding units with power, data management and 
environmental control. The man surrogate testing requires that die organisms be 
exposed to the same environment as the crew. The Spacelab therefore must have a 
habitable environraeut during the non-orbit phases when the organisms are on-board. 
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Table 2-9. Equipment List (ML-lA) 

PAYLOAD FIRST US/ESA SPACELAB MISSION 

NO. M-L1A 


El# 

El NAME 

Q 

UNIT 

WEIGHT 

kg 

6A 

Airflow Work Surface 

1 

5 

7A 

Auto. Poten. Elec. Analyzer 

l 

12.7 

31 

Calculator, Pocket 

l 

0.47 

36 

Camera, 35 mm & Strobe 

l 

2 

37 

Camera, Video, B/W 

l 

4.4 

40A 

Centrifuge, Blood Sample 

l 

12.7 

5 IF 

Coolant Loop, Liquid 

1 

30 

63C 

Display, Numeric 

l 

2 

70C 

Equipment Restraint Device 

1 

0.5 

76C 

Film, 35 mm 

3 

0.13 

80 

Freezer 

1 

15 

81 

Freezer, Low Temp. 


8 

106 

Kit, Hematology & Urology 


5 

106A 

Kit, Cleanup 


1.5 

110 

Kit, Microbiology 


2 

HOC 

Kit, Human Physiology 

i 

3 

114E 

Lamp, Portable Hi bit. Photo 


6.3 

116 

Log Books 

Bill 

0.5 

126 

Microscope, Compound 

Blit 

11 

12 6 J 

Microscope Accessory Kit, Compd. 


10 

131J 

OFO Experiment Packages 


45 

132 

Oscilloscope & Camera 

D 

11.7 

153 

Recorder, Voice 

n 

1 

153A 

Rotating Litter Chair/Console 

■s 

100.2 

156 

Signal Conditioners (Couplers) 

6 

0.2 

182E 

187C 

Urine Volume Measurement System 
Woodlawn Wanderer 

1 

1 

In Orb 
10 


UNIT 

POWER 

w 

UNIT 

VOLUME 

dm 8 

75 

6 

100 

57 

0 

0.4 

0 

2 

15 

3 

100 

25 

50 

25 

2 

4 

0 

1 

0 

0.05 

200 

61.4 

10 

30.5 

0 

9 

0 

4 

0 

3 

0 

8 

150 

6 

0 

0.4 

15 

27.4 

15 

25 

20 

80 

75 

28.9 

0 

1 

127 

239 

2 

0.5 

iter 

15 

12.9 


TOTAL WEIGHT 


347 
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Table 2-10. System Requirement Summary (MOD-IA) 



REM ENTS BY MISSION PHASE j 

r — 

LABORATORY 

CHARACTERISTICS 

SYSTEM RQU1 



PRE- LAUNCH 

LAUNCH 

ON -ORBIT 

DESCENT 

POST LANDING 

FUNCTIONAL 
(WHAT DOES IT DO?) 

SUPPORT ORGANISM HOLDING 
UNITS WITH POWER. DATA AND 
ENVIRONMENTAL REQUIREMENTS. 
FREEZER OPERATION OR PRE- 
CH1LL PRIOR TO LAUNCH 
Els 77H 4r rtl 

SAME AS PKE-l-AUNCH 

BIOMEDICAL RESEARCH IN VESTI- 
BULAR. MUSCCLOSKETAI. PULMON- 
ARY. HEMATOLOGY. IttCROBlOlIUY 
CHEW PERFORMANCE ON MAN. 

MAN SURROGATE EXPERIMENTING 
WITH PRIMATES, SMALL VERTE- 
BRATES AND CEI.UJ AND TISSUES, 

SUPPORT ORGANISMS HOLDING 
UNITS WITH POWER. MAINTAIN 
STATUS OF FROZEN SAMPLES 

SAME AS DESCENT. 

' 

OPERATIONAL 

(WHAT ARE REQUIREMENTS 
1 TO ASSURE EFFECTIVE 
» AND SAFE PAYLOAD?} 

ORGANISM LOADING ON PAD RE- 
QUIRED, ACCESS REQUIRED ON 
PAD TO MONITOR AND CHECKOUT 
ORGANISMS ON A SCHEDULED 
BASIS. CERTAIN ElOLOGICALS TO 

be loaded into cold storage 

FREEZER OR REFRIGERATOR. 

NO SIGNIFICANT INTERACTION 

defined, environmental 

FACTORS. , LE„ ACOUSTICS 
VIBRATION. EMI, ETC., NEED TO 
HE SPECIFIED BY SCIENTISTS. 

REQUIRES 3 PAYLOADS PE Cl A USTS 
WORKING A 12-HOUR DAY. 

ENVIRONMENT REQUIRED TO SUP- 
PORT SPECU LIST. STATUS DftPLW 
AND WALNINGS JtKQLTRED OF 
SPACEl. \B CONDITIONS AND ENVIR- 
ONMENT. 

NO SIGNIFICANT INTERACTION 
DEFINED, ENVIRONMENTAL 
FACTORS TBD. 

REMOVE ORGANISMS. 

REMOVE FREEZER AND 
SAMPLES. 

PROVIDE a BIOEXPERI- 
MENTAL SUPPORT 1 
TRANSFER UNIT. 

PERFORMANCE 

POWER - 4I2W TO SUPPORT HOLD- 

POWER - 412W REQUIRED FOR 

POWER 

POWER 472 W REQUIRED, FOR 
ITEMS USTED IN PRE-LAUNCH 
STATE. 

DATA - a 30 KBPS CONTINUOUSLY 

ECS - REJECT HEAT FROM ABOVE 
POWER PLUS lTSfW METABOLIC 
LOAD. 

ENVIRONMENTAL® - REQUIRE- 
MENTS TO RE DETERMINED. 

MAINTAIN A HABITABLE 
ENVIRONMENT FOR 
ORGANISMS. 

MAINTAIN FREEZER 
TEMPERATURES - 70V 
POWER -412W 
DATA -«= 3 OK BPS FOR 
1 30 MINUTES EVERY HOUR. 

1 

1 

i 

(WHAT ARE REQUIREMENTS 
FOR POWER, DATA. ECS 
- AND ENVIRON MENTALS ?) 

\ 

} 

; 

1NG UNITS. FREEZERS AND 
COUPLERS + SPACE LAB LIGHTING 
DATA- *30 KBPS FOR 30 MINUTES 
EVERY HOUR 

ECS - PROVIDE HEAT REJECTION 
FOR ABOVE POWER + 173W MET- 
ABOLIC. VENTILATION FOR 
ORGANISMS AND GROUND CREW 
DURING LOADING. 

environmentals- SO estab- 

LtSHED REQUtREM E NTS. 

ITEMS USTtTJ IS PRE -LAUNCH 
STATE. 

DATA - =t 3Ji K BPS CONTIN l TH’SLY 
ECS - HEJhCT HEAT FROM AMOVE 
POWER PLUS 179 W METABOLIC 
HEAT. 

ENVIRONMENTAL^ - NOSE DEF1M I 
EXCE I*T 1 20 db ACUl STIC U Y El . 
WITHSTAND LAUNCH LOADS OF 3G 
ACC E LE RATION „ 

ON DUTY AVG. -13701V 

ON DUTY PEAK -32101V 
OFF DUTY AVG. -672W 
OFF DUTY PEAK - <P*W 
DATA 

BUS RATE 70 K BPS 
ECS 

REJECT HEAT TOR ABOVE POWER 
LEVELS + 173 W METABOLIC EQUIV- 
ALENT. HUMIDITY CONTROL CAP- 
ACITY TO RE DETERMINED, 
ENVIRONMENTALS - REQUIREMENTS 
TO HE DEFINED. 

DESIGN 

(WHAT ARE REQUIREMENTS 
FOR EQUIPMENT CONFIGURE 
ATION AND SIZES?) 1 

i | 

i 

i 

V | 

INSTALL EQUIPMENT IN HI SPACE- 
LAB RACKS - FLOOR MOUNT 
ROTATING UTTER CHAIR, WORK 
& SURGICAL BENCH, 1 EXERCISE 
EQUIPMENT 
VENT ~.SVr LS,/DAY 
FREEZERS ?7B £ HI 

: DESIGN LOR Ml ACCELERATIONS. 

| VENT =.3S«b l-N 0 /DAY 

l 

i 

| 

i 

i . j 

weight 

COMMON EQUIPMENT - 1904 k& 
TOTAL PAY LOAD 331 5 kp 

volume 

1 G SPACE LA D STANDARD RACKS + 
FLOOR MOUNTING TOR ROTATING 
LITTER CHAIR, WORK t SURGICAL 
DENCH, AND EXERCISE EQUIPMENT 
EXPENDABLES 
«_5k* LS 2 /DAY FREEZERS 
77B t t«l 

STOW AND RESTRAIN EQUIPMENT ! DESIGN FOR EA SY REM OVA I | 

FOR REENTRY. OF ORGANISM HOLDING 

UNITS AND FREEZERS 

VENT to. 5 left LN 2 /DAY 

VENT to.SkjtLSjp/DAY 


f 

| 



During orbit the functional capability reflects the science requirements. The MOD IA 
lab is a 7 -day, biomedical emphasis mission. Man-related studies will be undertaken 
from two distinct, though related, orientations > 

1. As a human organism requiring scientific investigation and measurement: 

To understand the mechanisms of man's responses to space flight and his 
capability to adapt to the space environment. Special emphasis will be 
placed on those organ systems which have been found from previous 
flights to be influenced by gravity, e.g. , cardiovascular, vestibular, and 
musculo-skeletal systems. Biological periodicities will be examined 
within the limits of mission profiles. 

Animal models will provide information concerning basic mechanisms not 
easily determined in man. Such animal models would provide information 
in areas where measurements have not been developed for use in humans 
or would carry a significant hazard if utilized in man. 

2. As an Important (human) element of a flight system whose total performance 
capability is reflected in the performance level of that (human! system, and 
whose safety Is of primary concern in any manned system ; 

To acquire, analyze, and interject data relevant to the problems of human 
performance, capability and behavior in space. This includes both group 
and individual behavior, attitudes, motivational levels, anxieties, etc. 

To establish operator capabilities and requirements as they impact total 
system performance and crew safety. 

To collect high fidelity, high quality data on the new population of space 
flight participants in order to substantiate and improve on the original 
medical selection criteria for Shuttle passengers and crews. 

The specific research capability of the laboratory is summarized in Table 2-11. 

TABLE 2-11 


Research Requirements Specific Capability 


Vestibular Investigate role of visual cues in space nausea. Repeat 

of Skylab M131 experiment. Rotating Litter Chair. 
Role of altered body fluid volume, pressure and distri- 
bution to space nausea. Urine sample collection and 
analysis. 
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TABLE 2-11 (Continued) 


Research Requirements 


Specific Capability 


Cardiovascular 


Pulmonary 
Musculo skeletal 


Hematology 


Microbiology 


Crew Performance in 
Space 


Effects of Training upon 
Crew Efficiency 


Altered vascular flow, volume & pressure relation- 
ships in zero-g. 

LBNP, VCG. 

Demonstrate presence or absence of Gauer-Henry 
reflex. Early mission urine /blood sample collection 
and analysis* APE, Freezers. 

Regulation responses to exercise in zero-g. 

Altered pumonary volume/flow/relationships in zero-g. 

Exercise effect upon musculoskeletal derangement. 

Diet and pharmacological control of musculoskeletal 
derangement. 

Collect, prepare & preserve blood samples. Determine 
red cell mass, recitulocyte counts, pC0 2 » p0 2 , pH, 
enzymes, proteins, etc. 

Effects of space environment upon host defense 
mechanisms. Microbial sampling, culturing, staining, 
examination. 

Time and motion studies, training tasks. Time relate 
performance measures with daily activity schedules, 
sleep patterns, environmental conditions and biomedical 
measurements. 

Correlate crew performance efficiency measurements 
with same tasks conducted in ground based simulators 
or prior missions. 


2.3.3 Operational Requirements 

The most significant operational requirement is the need for three payload specialists 
on duty 12 hours a day during on-orbit operations. 

The requirement for organism loading, prelaunch access, and post launch retrieval 
have a significant effect upon the ground operations. 
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Ideally the Hs desire on-pad organism loading as late as possible in the launch 
countdown, Figure 2-1 (previous^ presented in paragraph 2.2.3) presents the time 
lines associated with the presently recommended approach to all Life Science 
on-pad access requirements. 

The removal of organisms after landing is required within two hours. Several options 
have been investigated and are shown in Figure 2-2 (previously presented in 
paragraph 2.2.3). Option 1 requires the ground crew to enter the Orbiter/Spacelab 
at the planned crew exchange at landing + 30 minutes and remove the organisms. 
Option 2 is the same as Option 1 except that instead of removing the organisms they 
are examined on board and data taken on the parameters of interest. Option 3 
requires that the organisms be removed from the Space lab prior to descent and 
stowed in the Orblter cabin and off loaded at the crew exchange. 

Option 1 is recommended for the dedicated labs, and Mod-IA specifically because of 
the relatively large organism populations. 

2.3.4 Performance Requirements 

This section deals basically with the power, data, environmental control and 
environmental factors associated with the payload. 

2. 3.4.1 Power and Energy Requirements 

Varying quantities of power are needed in all .mission phases. The most impacting 
are the 412 watts during the pre orbit phases and the 472 watts during the post orbit 
phase. The on-orbit average requirement of 1570 watts does not appear to result 
in any significant problems. 

Table 2-12 summarizes the power requirements associated with all power consuming 
equipment items within the laboratory. The duty time for each equipment item is 
based upon an estimate of the nominal usage of the equipment item during the seven 
day mission. The peak power of 3210 watts was determined by combining those 
items that could be used simultaneously with the items that are normally on 24 hours 
a day. The ascent and descent power requirements were minimized by allocating 
power only to those items required to maintain and monitor the organisms and to 
maintain the proper specimen freezer temperature. The total energy consumption 
of this lalxrratory is 26. 9 kW-hrs a day which is about 50% of the maximum available 
to the payload. 

2. 3. 4. 2 Data Requirements 

The data requirements cover all mission phases. The pre launch and post landing 
requirements are for about 30 KBPS for 30 minutes out of each hour. During ascent 
or descent the rate remains at 30 KBPS however it is continuous. The rate increases 
to 70. 1 kbps during the on orbit phase of the mission. The non-orbit mission phase 
will require either the Spacelab CDMS or separate recorders or both to be operational 
to properly monitor the data sources. 
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Table 2-12. Power and Energy Requirement Summary 


to 

to 


o & 

>9 

> pj 

o C 

tv hA 


►x) ^ 


W 


H 


LAB CODE: MOO 1A i 

ORBIT OPERATIONS 1 

ASCENT ‘DESCENT 1 





Average 


Energy 




Equipment Items 

Operating 

On Time 

On Duty 

Peak Power 

Consumption 




Using Power 

Power (Watts) 

Hrs/Day 

Power 

Contribution W£frhrs&t>ay 

Watts 

Watts 

1A 

Accelerometer coupler (3) 

3 

24 

3 

3 

72 


! 

6 

Air Particle Sampler 

50 

.4 

s 

i-I 


20 



6A 

Airflow Work Surface 

75 

.5 

3.12 


37.5 


i 

7 

Autoanalyzer 

200 

1.0 

1G.GG 

200 

200 


i 

7A 

Auto Potentiometer Elec. Analvsis 

100 

1.0 

8.34 


100 


i 

16F 

Ballistocardiogram Coupler 

1 

1.0 

.08 


I 


! i 

19D 

Body Mass Meas urine Device 

1 5 

.2 

.26 


3 



30A 

Cage, Rat (16) 

144 

12 

144 

144 

1726 



31 

Calculator, Pocket 

5 

1.0 

.42 


5 



32 

Camera, Cine 

13 

.5 

.54 


6.5 


i 

32A 

Camera, Controller 

100 

12 

100 

; loo 

1200 



37 

Camera, Video B/W 

15 

12 

15 

15 

180 



38 

Camera, Video, Color 

69 

.5 

2.88 

69 

34.5 



38D 

Camera Timer, Video 

10 

.5 

.42 

10 

5 



38F 

Cardiopulmonary Analyzer 

200 

1.0 

16.66 


200 



40A 

Centrifuge, Blood Sample Processor 

100 

.4 

3.34 


40 



48 

Cleaner, Vacuum 

i:; 


3.34 


40 



50A 

Clinostat C/T 

10 

24 

10 

10 

240 



50B 

Compactor (Solids) 

100 

.05 

.42 


5 



51 F 

Coolant T oop, Liquid 

50 

24 

50 

50 

1200 



54 

Colony Counter (Manual) 

50 

.5 

2.08 


25 



63 B 

Display Keyboard Portable 

60 

1.? | 

5.0 


60 



G3C 

Display, Numeric (2) 

4 

12 ! 

4.0 

4 

48 



64 

ECG Coupler (12) 

24 

24 

24 

24 

576 

12 

12 

65 

EEG Coupler (4) 

8 

24 

8 

8 

192 

4 

4 j 

65C 

Electrophys. Receiver 

5 

1.0 

.42 

i 

5 



66 

EMG Coupler (6) 

12 

24 

12 

12 

2B8 ! 

6 

6 

70 E 

Exercise Equip., Physiol. 

IS 

4 

6 


72 



76J 

Flowmeter, Gas (4) 

1G 

.5 

.66 


8 


i 

77 B 

Freezer, Cryo 

10 

24 i 

10 

10 ; 

240 

10 

10 i 

80 

Freezer, General 

200 

s i 

66.67 

200 

1600 



81 

Freezer, Low Temp. 

10 

24 | 

10 

10 j 

240 

10 

10 

83 

Refrigerator 

50 

8 

16.67 

50 | 

400 



91 

Gas Analyzer, Mass Spec. (2) 

50 

12 : 

100 j 

! 

! 100 ! 

i ! 

1200 

i 

50 | 

! 50 
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Table 2-12. Power and Energy Requirement Summay, Contd 


LAB CODE: MOD 1A (Cant'd 


ORBIT OPERATIONS 

ASCENT 

DESCENT 

Equipment Items 
[ Using Power 

Operating 
Power (Watts) 

On Time 
Hrs/Day 

Average 
On Duty 
Pc'ver 

Energy 

Peak Power Consumption 
Contribution W:tt-hrs/Day 

Watts 

Watts 

93 Gas Analyzer, RK 

6 

24 

G 

6 

144 



98A Holding Unit C&T (2) 

GO 

24 

GO 

60 

1440 


GO 

101C Holding Unit - Primate (4) 

400/120 

12/12 

400 

400 

6240 

120 

120 

103B Incubator 

5 

24 

5 

5 

120 



114E Lamp, Portable Hi* Int. Photo, 

150 

. 5 

G* 16 

150 

75 



117 LBNP 

26 

.4 

*86 


10.* 



121 Mass Meas. Device (Macro) 

15 

.3 

.38 


4.5 



122 Mass Meas. Device (Micro) 

15 

.3 

.38 


4.5 



126 Microscope, Comp, 

15 

.5 

.62 


7.5 



126A Microscope. Dissecting 

100 

1.0 

8.34 

100 

100 



I26J Microscope, Access. Kit 

15 

.5 

.62 


7.5 



132 Oscilloscope 

75 

1.0 

6.26 


75 



138 PH Meter 

20 

.3 

.50 


6 



138 B Photocell Coupler (12) 

24 

24 

24 

34 

576 



139 Plethysmograph, Limb 

5 

.5 

.20 


2*5 



143G Pressure Coupler (4) 

S 

24 

8 

8 

192 



147 Radiation Count- Biochemical 

90 

.5 

3*76 


45 



150B Receiver, Biotelemetry 

10 

24 

10 

10 

240 



153 A Rotating Litter Chair/Console 

127 

.4 

4*24 


50*8 



1 56 Signal Conditioners (12) 

24 

24 

24 

24 

576 



156F So no cardiogram 

12 

1.0 

1.0 


12 



162 Sterilizer, Autoclave 

300 

1.5 

37.5 


450 



165 Sterilizer, Tool 

110 

.4 

3*66 


44 



179 Temperature Block 

200 

1.5 

25 

200 

300 



179D Thermometer (Electronic) 

14 

.2 

i -24 


2.8 



18 ID Transducer, Pressure (4) 

4 

! 24 

4 

4 

96 



182J Vectocardiogram Coupler 

2 

1*0 

*16 


2 



182P Ventilation Unit - Vertical (5) 

200 

24 

200 

200 i 

4800 

200 

200 

188 WoTk and Surgical Bench 

loon 

1.0 

83.34 

1000 j 

1000 



TOTALS 

On Duty is considered 12 hours. 

Off Duty Average Power = 26, 907 - 1569. 96 x 

4909 

1 

12 —(#71.29 \ 


1569.96 | 
! 

3210 | 

i 

26907 

i 

412 

i 

t 

472 j 

1 

! 

12 

1 

. i 


i 

j 

— i 

[ 

i 



Iff « 

! 'H-. ' 


The data sources are summarized in Table 2-13 during the on-orbit phase of the 
mission. The major contribution comes from various physiological measurements 
such as ECG, EEG, EMG , EOG , & VCG. Downlinking of this data stream in real 
time is assumed although recording and subsequent near real time transmission is 
acceptable* 

The MOD-IA laboratory is equipped with two black and white and one color video 
camera. Transmission of video signals to ground is assumed to be 4.0 hours a day. 

2 , 3. 4. 3 Environmental Control Requirements 

The environmental control system (ECS) requirements are associated with all 
mission phases. The ECS requirements include heat loads related to the power 
consumption and (he metabolic loads of the experiment organisms. The metabolic 
ECS loads include elements of heat, humidity, oxygen, and CO2 control. 

The metabolic loads of the MOD-IA laboratory imposed upon the Spacelab environ- 
mental control system are summarized in Table 2-14. 


TABLE 2-14 


MOD IA - METABOLIC LOADS 
(4 Primates & 16 Rats) 


Humidity 

Production 

grams/day 


Oxygen * 
Consumption 
grams/day 


C0 2 * 

Production 

grams/day 


Cabin Air 
Interchange 
dm 3 /min 


2928 1932 2262 2120 

During the prelaunch and launch phase of the mission 320 watts of heat from the 
holding units (El 101C) and the ventilation units (El 182P) along with 179 watts from 
the metabolic load is rejected to the cabin air. The descent phase is the same 
except for an additional 60 watts from the holding unit (El 98A). 


The other heat bads during these non orbit phases of the mission amount to 92 watts 
and are rejected to the avionics heat exchanger. In addition to the above heat and 
metabolic bads provisions must be available to support the ground crew during pre 
launch and post landing operations. 

During the on-orbit phase the heat bads are as shown in Table 2-15. The bads are 
indicated for the three available coolant loops. All heat bads are within the present 
Spacelab capability. The other ECS bads involving humidity, 03 and C0 2 control 
require off-design performance studies of the Spacelab system to determine 
compatibility. 


*EI 182P provides this capability 


/ 
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Table 2-13* Data Sources and Requirements (MOD-IA) 


PAYLOAD DEDICATED LAB - BIOMEDICAL EMPHASIS 
NO. MOD IA 




SUPPORT 

NEEDED 



deration j contjnlgis 

FREQ. OF OF | DATA RATE. 

"IENT DESCRIPTION OPERATIC ijPERA TUJts. 


Z g 

§ - - i 

DAILY I J; c *£ |-= 


total] Ms | 1 | 


Conditions electropfaysiologicai sig- | 1$ chls - [ ID min. 


cals from organisms or man. 


24 /day 0.5 hr 
S Cb)6 - 
4/d ay 


7DQ £ 16 chls 
3500 £ 6 chls 
25.2 K 


Miscellaneous physical and bio- Once/m in.* 

physical measurements, pressure, 24 hrs/day 

temps-, flows, etc- 


Monitor temperatures 


Once/10 

min. 


Measures approximately 12 eon- 2/dav 

stltueats of blood serum. 

Measure 8 properties of blood serum 2/day 
and/or urine. 

Measure mass no. and peaks or trace 
contaminants and major atmospheric 
gases. 


Continuous [ $00 


Measure resistivity of humidity 


Once /min. 


Monitors elec tropbysiologl cal signals 1/day 
from subject- 


2/mitsioa I 0.5 hr 


Monitor ergometer speed, output. 2/day 
Treadmill speed. Assume 4 chla. 

Measure 6 gases used In breath-by- 2/day 
breath respiratory analysis. 

Monitor pres sores, lemp*. , and 1/day 

Plethys. chls. 


500 £ 6 chls 


PROCESSING REQ 



Downlinking, waveform analysis* 
data compression and display. 


I Assume $ high rate* 
1$ low rate chls. 


Downlink, out-of- tolerance detcrml- lAasume 35 chls. 
natlccir display. 1 


Out-of-tolerance detarmtnsdnc. | Assume 4 chls /El. 


Conversion to ccuc- values. 
Downlink. 

Conversion to cone, values- 
Downlink. 

Downlink. Possibly some <n -board 
analysis. 


Cki t -of -tolerance determination. 


Downlink. waveform analysis and 
display. 


Downlink, on board display 4- control. Ua same 4 chls, 1 sample/ 


Conversion to ccnc. values- Downlink! 


Ota -board control of expmt. I Assume 6 chls. Sample 

Downlink- ll/aec. 


1 

















2-28 


Table 2-13* Data Sources and Requirements (MOD-IA), Contd 

PAYLOAD DEDICATED LAB - BIOMEDICAL EMPHASIS {Cent 1 *!) 

NO. MOD 1A 


-EL. 


1B2J 

18 2P 

9SA 

SOA 


NAME 


VCG Coupler 

VentUMlcn Unit, 
Vertebrate® 

Holding Unit , C*T 

CUnostat, CtT 


MEASUREMENT DESCRIPTION 


Converts VCG signals 

Monitor flow, prose urns, etc. 
Eat. 6 sensors . 

Monitor Temp. 

Monitor motor current 


DURATION 
FREQ. OF 1 OF 
j OPERATlOMOPEKA TICK 


2/day 

Once /min. 

Once/mln. 

Once/min. 


1 hr 


CONTINUOUS 
DATA RATE. 

tas 


21K 

Negl. 

NegL 

Negl. 


DAILY 

TOTAL, 


151M 

43K 

7K 

TK 


SUPPORT 

NEEDED 


PROCESSING REQU1HED 


REMARKS 


Downlink, On-board waveform 
analysts. 

Out-o Intolerance detarmftutlcn. 


Out-of-tolerance do tormina don. 
Out-af-tolerance detarmlnatldn. 





TABLE 2-15 

M0D-1A THERMAL LOADS 

Avionics Experiment Condensing 

Heat Exchanger Heat Exchanger Heat Exchanger 

watts watts watts 

562 200 808 + 179* 

)|C 

Metabolic load - 4 primates, 16 rats 
2. 3. 4.4 Environmental Factor Requirements 

The environmental factors include such items as acoustics, vibration, shock, clean- 
liness, contamination, electrical, magnetic and radiation. Except in a preliminary 
nature these have not been established. The launch environment for acoustics has 
been set at 120 db. The Spacelab environmental factors have been partially defined, 
however, the user requirements in terms of tolerance limits have not. 

2.3.5 Design Requirements 

The MOD-IA has 118 equipment items which is about 77% of the CORE inventory. 
This equipment inventory is contained in 16 Spacelab racks. Floor mounting is 
required for several equipment items namely the exercise equipment (El 70C), 
rotating litter chair (El 153A) and the work and surgical bench (El 188). Table 2-16 
is the complete list of equipment along with estimates of the quantities, weight, 
power, and volume. In addition to the common equipment which weighs 1904 Kg 
additional equipment consisting of racks, RAUs, power, switch panels, converters, 
computer, interface hardware, and PI specific equipment brings the total weight to 
3315 Kg. 

The overall design must be compatible with the maximum launch acceleration of 
3 gs. The freezer venting of approximately . 5 Kg/day must be considered in the 
pressurization and venting provisions of the Spacelab. The preliminary layout of 
the equipment within the racks is shown in Figure 2-4. Identification numbers in the 
layout indicate the equipment item numbers as presented in Table 2-16. 
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Table 2-16. Equipment List (MOJMA) 
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ac-FtrecHeTP® 

Q 

-» 

Weight 

(kg) 

0.1 

Power 

(watts) 

0 

Unit Volume 
(dm 3 ) 

0.93 

lfl 

ACCPLFPOMFtro COHFLFp 


0.09 

i 

0*01 

6 

AT® PAQTICLP SAMFL R 

1 

2.7 

50 

C*95 


AIRFLOW WORK S'RPACF 

l 

6 

75 

6 

7 

AMTOANAIV7FP tGENSAFr) 

t 

26 

200 

40 


AUTO FOT^NTn. FL c G. ANAL. 

l 

12.7 

t <0 

57 

149 

ANTFNNAS,ASSTi> yfb 

l 

0*1 

0 

0.03 

1«A 

ATMOS, SAMPLING FTSTFH 

1 

1C 

20 

29 

16* 

AUHTOHFTF? 

1 

4*9 

25 

4.3 

tfn 

BADSFS, PANT ATTON 

> 

0*2 

0 

0.1 


AALLTSTOCAPrtTaGRAM COUPLE® 

t 

0*1 

1 

1 


CUSTOM BTTf T0A®i>S 

1 

0.23 

0 

0.03 

ion 

soiv has 11 ; hfas. nrvTrt 

l 

36,5 

15 

675 

25° 

"CLONY CHA^NFo, c-.FALA'JLF 

20 

0*2 

0 

O.t 

?M 

OAGF, RAT, hAmSTFo, FTiNNAon 

16 

2.3 

9 

11 

31 

FALCULATG®, PuCK r T 

t 

0.47 

a 

0*4 

3? 

C AM r ® A, TINT 

t 

5 

13 

5 

3?A 

PAHC°A nONFPOLLF'T 

l 

13.6 

10C 

29.3 

3 1 

CAMfra, POLAROID 

1 

3.3 

a 

5*6 


CA Mfra, 3 r > MM ANT STPOBF 

1 

2 

0 

2 

V 

OAMFoa, VT1 C 0» 9/N 

2 

4.4 

15 

t 

*8 

PA-^OA, VT^fq, COLO® 

1 

7.7 

69 

6.? 


CAMF®A «0'JNTS 

1 

3 

9 

7 

35 n 

ravn>a Tiw r ®, vt^O 

t 

4 

n 

3 

^flr 

PA°TTOFlH M0NA®Y AHAI.*Z r ® 

1 

9C.7 

20 G 

17? 

4? A 

''^NTOTFNGf, T(.-> S*PL P®0C p SS0® 

1 

12.7 

100 

25 

44 

'M'-^TCALS 

t 

0.5 

0 

1.0 

lua 

CH^iTCALS, ®ATIOTSOT. T ° AC rp S 

1 

C.J 

0 

0.5 

45 

fur^TCAl SYBASE CA1IN C T 

1 

4.0 

0 

14.1 

4« 

Ct-FANF®, VACUUM 

1 

2*3 

101 

10 

5TA 

r.LTNOSTAT (fQ’ C/T) 

t 

? 

10 

4 

*0* 

FOHPACTOe, SUITS 

1 

16 

100 

113 

MO 

MntooL CONSHf, r X®r®IMENTF® 

1 

22.7 

too 

113.3 

5t F 

COOLANT LOO*. LI^IIT 

1 

30 

50 

25 

*■«* 

FOUNTFR, COLONY, MANUAL 

1 

1.5 

50 

1.5 

fn 

TTSPLAV KEYBOARD, POPTABLF 

1 

13.6 

60 

42.5 

6 7 C 

DISPLAY, NUMFotf 

2 

2 

2 

4 

fU 

r CG COUPLE 0 

12 

0.7 

7 

0*5 

65 

CFG CUUFL r ® 

4 

0.2 

2 

0.5 


FL r rtoOPHYS, ^ACKOACK 

l 

0.3 

0 

0.23 

f.t>r 

r L r r ,TO0PHYS. ncrPTvFP 

t 

2.7 

25 

5*0 

66 

fmg COtJPL” 

6 

0*2 

2 

■ 0*5 

7«r 

FTIIPMFnT ofSTPAINT DFVtCF 

1 

C.5 

0 

1 

7|?F 

cyppcrse ftuic.., physiol. 

1 

96 

16 

99’ 

75C 

r TLM p riNF 

4 

0*54 

0 

0*54 

/5P 

FILM, POLAROID 

5 

0*16 

a 

0*13 

7f.r 

FILM, 35 MM 

10 

0*13 

9 

C. 05 

76.) 

flowmftfps 

4 

0.5 

t 

0.5 

77S 

fqff ZFP, C°Y0GF,jtc 

t 

21*6 

10 

74.1 

AT 

C °FF7ER, GF>;Fo aL 

1 

15 

20C 

61.4 

8t 

FRFFTFR, LOW TFMF, 

1 

6 

10 

30.5 

f 7 

F’lG. <REF®TGf»ATO®» 

1 

16 

50 

123 

91 

GAS ANALYZFo, MASS SPEC. 

2 

25 

5 0 

20 

5 7 

GAS ANALVZFP, ->h 

i 

5.2 

6 

13 

97A 

GAS SIJPPLTFS 

6 

5*75 

0 

19 

96 

“LOVF 30X, ®0 DT AUE 

1 

4*5 

a 

25 

9*c 
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10 

0*5 

9 

1 
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10 

0*3 

9 

0.3 

9*A 
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2 

23 

30 
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MOLTING UNIT, PRIMATE 

4 

113 
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Table 2-16. Equipment List (MOD-1 A), Contd 


1C3 MOLTING tJNTT, SH. yPOT. 

15»o THCOBflTO® 

1 P KTT, CHFMTCAL 

lC* <TT, HFMATOLOr.V AMH IIP3L0GV 

10M KTT, CLFAN'IP 

ICP KIT, HISTOLOGY 

ICO KTT, LINFAT MPas. 

UC kit, FICPOOTOLOGv 

HOP KTT, HHHAU PHYSIOLOGY 

11M KIT, DISSECTION 

ltuo KTT, VFPTFBPA TP MANAGFMPNT 

UAC KTT, VP>?TP<1UATe- PHYSIOLOGY 

111.* lamp, P0PTA5LP HI I NT . PHOTO 
tiur, Lnum stop, ami ntspfns. sys. 
1 1 6 t or, BOOKS 

11 » LO^p» OOOY MPC>. PPFSS. TFVIOP 
list MAnIPCILD, YACrifi 
l?l MASS MTAS. OFVTr r , MACPP 
1?? MASS MFAS. OFYICP, MIC»0 

l?u MPOIA, DOFPA-»CT 

t?S MTOPOSCOPF, nOMPOHMO 
12*A MICROSCOPE, TTSKFCTIK5 
i?m mico. Acress. kit, com o mo 
1 T l p NON-YISUAL OIPPCTION TNOICA TOP 
t 7? OSCILLOSCOPE ANO r AHFPA 
1,T» OTOLITH TFST GOGGLFS 
13LR PAOFO, PFCg&niNG 
1 3 p OH urTF*? 

?3i»9 P^O T OCPLt rOi»3^ro 

t3 pr thv S TCL. SFNF $Y*. 

179 airtHYSMOGOA^H* L TM*t 

\ur DHo*jcvT*°4CA*'nortOA * rou^t 

141A PLU Mr? TNG 

t 4 7G 0°E55iPF 

14l*r RADIATION or T r-T9D ( ?CSIH. 

14* 7 AD I A Tlt/N CPMNTF* 
t5:a -*Foo^ro f rufior 

°rCFTVFR f HID TFL v 
t r ) T ^FCu^riFP, VOTC c 

1F7A o^TbTlHG UTTfF> O^AT^/CCNSOLF 
lq^n ASSO^rri 

FT5NAL CGNOITroN^S ( C JUPi f ) 
IF Ft roNCCA^niOG^AM 
1*7 FOUND LFVEL MCTFO 
15^ FTAINTMG SY5TM 
if- FTr ^TLI7 F^ p ftUTOOLAVr 
16F FTF^TUZFR, TOOL 
171. TAN*, vrPTrqoirf HATFR 

17 ^nroMOCoU^L^ INDICATOR 

179 rtTMfroftTU^F 7L0r* 

t7c.fi T Mr o MOCOU°L r F 

179* FtF?TRONIC 

tPC T TMF=? t FVFNY 

1*1*7 TSflfj^nOCF 1 ?, P^FFC»|D£ 

le?J VFG COtJOL** 

ie?c VFMTXLATION IHTT, YF*T, 

16* HilLTTHFrFO 

lPfl ‘JO*** AND SURGICAL 9FNCM 



Weight 

Power 

Unit Volume 

Q 

(kg) 

(wattB) 

(dm**) 

7 

13.6 

0 

1 0 s 

1 

5 

5 

3 

1 

1. 6 

0 

5 

t 

5 

0 

9 

i 

1.5 

0 

4 

t 

1 

0 

1 

t 

1 

0 

1 

l 

2 

c 

3 

l 

3 

1 

8 

1 

t 

0 

2 

1 

3 

0 

6 

t 

3 

0 

6 

1 

6.3 

1*0 

6 

l 

13 

0 

18 

3 

0.5 

3 

0.4 

1 

7 ft. 7 

?f 

2373 

t 

9.1 

3 

26.3 

t 

11.3 

15 

32.8 

1 

12 

15 

25 

■> 

0.45 

3 

C.5 

t 

It 

15 

27.4 

1 

9 

100 

29 

l 

IP 

15 

25 

1 

4.1 

0 

2.0 

1 

11.7 

7 F 

28.5 

1 

0.2 

0 

2.8 

\ 

3.6 

3 

1.? 

i 

1.8 

2C 

5.2 

12 

0.2 

2 

0.5 

l 

0.2 

0 

1.4 

1 

2.4 

5 

6 

1 

0.2 

1 

0*3 

1 

20 

2 

15 

4 

t » 2 

7 

C.5 

1 

0.3 

a 

0.5 

1 

15 

50 

20 

1 

11.3 

3 

16.9 

1 

0.5 

to 

1 

t 

1 

0 

1 

t 

100.2 

127 

2 39 

1 

0.5 

3 

0.3 

12 

0.2 

2 

0.5 

i 

19 

32 

59 

l 

13.6 

0 

73.4 

l 

2.2 

3 

3.5 

i 

11 

300 

34.7 

l 

1 

110 

1 

F 

8.5 

5 

28.3 

1 

6 

3 

9-4 

1 

4.5 

2CG 

1. ^ 

t 

C.5 

0 

0.7 

1 

5*4 

14 

8.7 

? 

0.2 

J 

0. 2 


3*2 

1 

0.4 

1 

0.2 

2 

0.5 

F 

19 

*i0 

32.7 

1 

2 

3 

2.4 

1 

136 

10C0 

423 
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• BIOMEDICINE (MAN) - CARDIOVASCULAR, 

VESTIBULAR, MUSCULOSKELETAL, ETC 

• BIOLOGY HOLDING UNITS -4 PRIMATES, 

2 SM. VERTS, 2 CELLS/TISSUES 

• INFLIGHT ANALYSIS - BLOOD, URINE 

CHEMISTRIES, SURGERY, MICROSCOPIC, 
PHOTOGRAPHIC 

• RETURN FOR GROUND ANALYSIS — 

FREEZERS, FRIG.; HISTOLOGY, 
DISSECTION, MICROBIOLOGY, 
HEMATOLOGY KITS 


■i 


to 

1 

CO 

to 


CHARACTERISTIC 


COMMON EQMT WEIGHT - 1904 KG 
TOTAL P/L WEIGHT -3314 KG 
AVERAGE POWER - 1500 WATTS 
USES ENTIRE S /L LONG MODULE 



V& RECORDS, MAINTENANCE, 


SfLWORK MICROSCOPY, REPAIR. PRIMATE . PRNAATE H0MEIHCA1 

BENCH RACK OATAMGMT FABRIC. HOLDING HOLDING SUPPORT 



STARBOARD VIEW 


SIOMEOICAL SMALL BIDCHEW 

DISTRIBUTED CELLS/I8SUES VERTEBRATE BIOPHYSICAL PREPARATION/ S/L CONTROL 



PORT VIEW 


09105CVF3662 


Dedicated Laboratory Layout, MOD 1A — 
Biomedical Emphasis Lab 
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LIFE SCIENCES RESEARCH REQUIREMENTS A 

RESEARCH CAPABILITY OF DEFINED PAYLOADS B 

LABORATORY AND BIORESEARCH CENTRIFUGE LAYOUT 
DRAWINGS C 

LABORATORY POWER AND ENERGY REQUIREMENTS D 

LABORATORY SAMPLED DATA REQUIREMENTS E 


El GSE REQUIREMENTS 


F 
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APPENDIX A 

LIFE SCIENCES RESEARCH REQUIREMENTS 


The tabular Information presented In this appendix Is the condensation of data from 
various Input data sources, pertinent information from past studies, and summaries 
of life sciences research objectives. All these data were used to support the evalua- 
tion and recommendation of life sciences research requirements discussed in Volume 
II, Section 2. The data are organized as follows: 


Page 

Time-Phased Life Sciences Research for Consideration on: 

US/ESA First Spacelab Mission A-2 

Carry-on and Mini-labs a-4 

7-day Dedicated Laboratory A -6 

30-day Dedicated Laboratory A-8 

Baseline LS Research Requirements for Spacelab Extracted A-10 through 

from NASA/MSFC Report NAS8-30288, August 1974 A-16 

Typical Spacelab Experiment Requirements prepared by A- 17 through 

NASA/ARC, July 1975 A-26 

Life Sciences Research Requirements A-27 through 

A -43 


TIME-PHASED LIFE SCIENCES RESEARCH 

FOR CONSIDERATION ON US/ESA FIRST SPACELAB MISSION 


— 1 

preliminary Integra tod LI fa Sciences pnylnaila 
Tor Khutde/Fpaeelah through IQ9G* 

Prepared fnr Dr. Winlur, 7 February 1075 

Helanlffic IJkuh of the Space Shuttle* Space Science Board 
National Research Council* Nndenal Academy of Sciatrea* 
Washington. JJ.C*. 1074 

EFFECTS OK SPACE FLIGHT ON MAN 

nKJ MEDICINE 

Evaluation of the Gauor-llcnry reflex in largo in am male 

Anlimil atudich of shifts in hotly fluid & blood distribution 

Human Input/uutpul wutor balance studies with reaped to 
cardiovascular performance 

Anlhrapomuirif measures of eardiuvuwculnr fluid shifts 

Testing of inflight space nausea countermeasures 

\ Evaluate pre- and peat-flight "spare tmuHea" * crooning ichLh 
, to detar minu predictive vnluu 

Hurmonal l- electrolyte assay# in measure mineral & fluid 
balance 

Follow -up studies in Shylab renal tumMlun observaflons 
Studies on bone tnarm* suppression In nuighRussnosp 

Cardiovascular System lExpla In both nnimaln and human a nocdodl 
Exercise effect on cardiovascular regulatory roMporiaoa 

• Sled; of lardy fluid compartment vnlumea 

- floaty pass Pile atrophy of cardiac A nthur musclen 

ItoKidraHun j 

Kiurty pglmonarv taacelar roslAbinre 
Kidney l- Metabolism 

- Aldosterone secrdlnn 
Hody eleelmlytuH 

* Doily fluid compartment volumu measurement 

- Hone To r maUuu in /oro-g (bone repair in animal hi 
H ematology 

- Red bluett cell mass niuasurumant 

- Hone imrruw functional respon^u u> /.ura-p 
Neurology 

- Study vestiliuUir fundlnns In man A tmlmnls 
Neurophysiological dy# function (righting rufluxus - 
cardiovascular) 

, Evaluate Hie uffu*- ilvenuss el types of uxurelsu maintaining 
1 cardiovascular and muscular tone 


Invaahe animals Hudlut* lo measure factors con ire Hint; 
1 postflight cardiac uutput 


BIOLOGY ^Designated as ‘'Research" in abuvu source) 

HK’fXiGV 

Small vertebrate studies on Hie relationships uf onik’Crlne 
control of mammalian physiology 

Physiological uffucln ctf nero-« im small mammals 

Animal similes on the mechanisms involved In siwcenausun 
and vestibular adaptation to zero-* 



Teat Subject*: Humans, Non-Human prlmnUm* Small 
Mammals. Culls 4 TIbsmoh 


Tost Subjects Humans, Non-Human I'rJnmluS. Small Mnmmnl* 
Cull# L Ti KJiuuw 
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\j 
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Life Sciences PnyWutd Schedule, 
ft, Dunning, OMSF/MM8 



The 

Vol 

Proceedings of tho Sky lab Life Science* Symposium, August 27-29, 1974, 
U, Report No, TM X-flBlM, JSC-09275, NASA-JBC, Commwta from: 
"Sky tab; A Beginning", Lawrence F. EMetfain, M.D,. NABA/JSC 

MEDICINE 

BIOMEDICINE (CANDIDATE FUTURE STUDIES) 

Supt. IPflO - UH/EKHt) Uf(J iiclui k.t)H l.nh + Virol major Ufa Sciences 

Cardiovascular System 

Laboratory to be flown in Shulllu, Roruaroh capitalizes r*ti prellml- 

- 

In-depth, nontovnaivc cardiovascular dynamics monitoring 

nary experiments flonn earlier. 

- 

Invasive presauro/volunWQow changes in early flight (animal) 


- 

Domonotrnto prescnco or absence of Gnuor-Henry reflex 

Major upgrading; Itu'luaiun nf mau-HiiTogulmi Tor research In duplh. 

- 

Total body cxorctso regimen to maintain Integrity of anUgravity 



aa well as major muscle groups 

Possible inclusion of fundamental research 

- 

Assess rote nf venous (capacitance) vessels In observed 



do conditioning process 

Major llosoiiruh Arens: vuntlbtilur function, cardiovascular fum-tlnn, 

- 

Assess role of fatigue 

he mate poetic fund inn dmiiu marmu >u»lyp 

Musculoskeletal System 


- 

Absolute catabolic in-flight changes (bone, musclca) In animals 

Additional Areas: urlpu volume measurement JL preservation method*. 

- 

Countermeasure evaluation: 



Dietary 



Physical 



? Hormonal 


Fluld/Electrolytoa 1 


- 

Domonatrato Gnuor-Henry reflex 



Renal hemodynamics in zero-g 


| 

Renal response to wator/sall loads, dehydration in zero-g 


“ 

Humoral interactions involved in above 


Vestibular System 


- 

Role of altered cues* visual, kinesthetic, other soisory 


- 

Effect of over hydra lion, dehydration and increased venous 





- 

Predictive tcsl far lero-g space sickness BUBCopllbiltly 



(? pamlnllc flight*) 


- 

Bnsic studios regarding etiology 


- 

Rolu ut onc-s training in prevention 



Improved medications for proven Hon /control 


Test StibJocU: llumrms, Nr>n-f|uman Primates, Kmul! Mnmmniti, Tout Subjects* Humans, Ncm-tluman Primates, Small Mammals, 

Cells 6 Tissues Culls St Tlestn s 
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Preliminary folofimtod life Science* Paylotidi 
for ShuMie/ftpaeelub through l&sS, 
Prepared for Ihr 


JSFFKCT 8 OF HP ACL FLIGHT ON MAN 

Mimuuruntcnt of cardiopulmonary function during apocenighl, 
uttlng the cardiopulmonary op&lyrer 

Anthrojioniutriu meant run of eardlavnaetdar fluid uhifla 

Evaluation of new tochniijuOH to nludy cardloviuicular Quid shift* 

Evaluate pro and peutfllgtd ''kikm-o nausea" acroaniiig duvlceu 
to duierntinu predictive value 

Tout in-niRhl"npaeii wtugen" wtwlermeaautw 

Perform hormonal and uloctrolyle nimuy* to mtuuuro mineral 
And fluid balance 

Study of ndomlilal aertuiol prnpigathat in nirato 


Iteictojjju Ubui of Ihu fljwce Shuttle, Space Science Hoards 
National tteecaroh Counelt, National Acadotny nt fielwicoH, 


mtJMEmciNE 

Cardiovaneular Kvmtom ILxpla in both animal a t human* needed) 

- Peripheral Wood flow <LDNP) 

Exurciuo effect on cardiovascular regulatory reapotHua 
Sluily of body fluid compartment volume# 

- Study possible atrophy of cardiac ft other muaolos 
tloxplrrtiinn 

- Study mechanical function of lung* In *ore-g 
Study pulmonary vaaeular rcaiatunco 

Kidney l Xtotobolixm 


- Aldoidcrono, insulin, ft growth hormone secretion 

- Ihxly electrolyte* ft fluid cemparimunt volume ifluoauremwil 

- Ilona formation In ntro-fc (bone repair in onlwaM 

- Effect of ruro-g on Irvvnl itiuiuboiic rate 
ItuTimtotogy 

- Rud blood cell moo* meauerennmt 

Ilonu marrow functional response in ruro-g 
Wood graroitocyMe runponau to inflammatory allmull 
So pro fogy 

Study VualJImlnr functions in man ft anlnuda 

- Nee rophy Biologic it I dysfunction frighting reflexes * cnnllovnseula r 

Microbiology " 

Study or ctilhilni 1 Immunity fUnctiums relative to host roHlBUUiee 
fspecifir immune reHixuntu monitoring ft record or boat 
In foot Jonxl 


UIOUKIY fl>o^ignaUida>. •MtoKcarcb' 1 lit above source) 

liioumv 

Cardiovascular sludicx of imlptti ; ihu rolu of venous vowel h in 
doconrlilionlng; hour l mdravlllity ; tinner- floury reflux 

Aniroal OtOliHIV 

Pltj'rtiologivui effurla of xero-g on mnnll mammalti 

MUIalmlli’ wludlu* of fluid fi mineral Ixiloneei total laxly com- 
position; changes lo hone*. iihihcIun ft hvnrli motabulle energy 1 
uxijundliuro shifts* 


Fluid/uluetroiyte studies of reruti funi'llim 


HurjiaMogLnl studies of immune rernmnset, marrow chAngus, 
red ceil mas* fore. 


(Through utilization of a jhtdf-mulnlned mi him 1 holding 
fuel! Hy tMonkuy^Pnibl 

> 

MAN/SYSTEMS I NT EQUATION 

MAN/SVSTEStK INtKOIW riOfC 

Evaluation of Advanced thiaign CeucuiUs 
Evaluation of advanced crow roatmlni comic, ■* 

Slmulnlfon ft training npliml/ntton studio* for mon-muchtuo 
tasks 

Exporlment Staunort Enuhwiumt DuhIkti Evaluations 
High! teat of mon-machine Interface duxign criteria ilovelnpcd 
from Skykfi renultx. 

Axsossmonl of the ualotj, efficiency * If effcclivcnoaa of 
talwfalory tec!mii(ueH and proceduren 

Muii^ure deeremenltt in performance 
! Study inlerperHorUiJ reaction pattunsH 

Mental alurtnexn and | w r for mane c t eleep (inliont rul.itlonH 


Teat Subjects? Humana, Non -1 In man Primates 


Teat Subjects Humana* Nc*Hlum*n * 


► Mammelp 
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Lifo Science* Payload flclwilqlo 
It- 


cv ■ logo (Early) ~ Life BcJonce* C| Mini Laboratory. Small £2.P kjs) 
laboratory assembled from Skj-Jnb fc 1MBLMK equipment plus a mnjar 
chemical (Dialysis unit now under development. 

Vestibular Function: Won only 
Ehwtn>tytn & Body Fluid mstrllwtion Toot: Man only 
ftot. tDSO - Lifo Soloncce Cg Mini Laboratory. Emnll Inbornlorv (22. 7 kg) 
as doscrlbad above (C|>. 

Eloclinlytc & body fluid distribution, cardiovascular function, mid 
vestibular hmotlont man only 

March 1081 - Medical Carry-on Category fl Exparlmonta tali. Small 
(42.3 kg) modular lab u Humbled from Skylab and 1MI1LMS equipment 
Items. 

Follow up result* from UH/E6RO Lifo Sciences Lab 4 Life Rcteneoa 
Dedicated Lab 

Vestibular function, aluctmlyia ft* Imtly fluid <M>siritHitltin , and 
eurdlovrufculur Deletion: man only 

Aug, mm - Medical Carry -on Category It ExporimunlH Ij*I». .Small kg 

modular tab assembled from Skylab & IMltLMS equipment ilcnrn 
Follow up roHullu from US/ESHO Life Pclunrua foi>> ft l.ifo SHmtoo* 
ttadlcaUul lad* 

Vestibular function, electrolyte A Indy fluid Distribution. sind 
cardiovascular fun cl ion i man only 

Feb. 1D82 - Medical Category It Carry -on Experiment Uih. Small H2.ll kg) 
modular lab assembled from Skylab A 1MIU.MS equipment |icm». 

Fallow up Tcaults from CS/ESllO Life fteiunou* foih ft Life Science K 

Dedicated Lab 

Vestibular function, electrolyte & Imly fluid din' ritalLm, and 
cardiovascular function: man wily 
Aug. 1DS2 - Mfo Sciences L'utegury A Mudleal/ Ufological Carry-on 

Experiments lab. Medium size laboratory module cluster (201 kg, 
t - 14 m 3 ! capublo of accomplishing n wide range of med.f r>; research 
arena of Interimt to moderate depth In a zcrlu* of nighip. 

Test Specimen: Man 


The Proceedings or the Skylab Lifo Sciences HymjWBlum, August 27-23, 1074, 
VoL II, Report No. TMX-581GI, .iKC-OyJlQ, NASA -JSC, Comment* fromr 
11 Skylab; A De^liintn^ Lawrcnro T\ Ulctlolh. -M. D. . NAfA/JEC — 

BIOMEDICINE (CANDIDATE FUTURE STUDIES) 

Cardiovascular System 

ln-dopth, nenfovaslvu cardiovascular dynamic* monitoring 

- Invasive pres*uro/voluma/flow changes In early flight (animal) 

- Demonstrate presence or absence of Gaucr-llonry reflex 

- Total body exorcise regimen to maintain Integrity of anti gravity 
os well pj major muscle groups 

* Asbob* role of venous (capacitance) Vessels In observed 
decondlUonlng process 

- Assess role of fatigue 
Musculoskofotal System 

- Absolute cattlxllc in-flight changes {bone, muscles) In animals 

- ' Countermeasure evaluation: 

Dietary 
Physical 
? Hormonal 
Ffold/Efoctrotytoa. 

- Demonstrate Cnuer-Ihmry reflex 
RunaI,humodyTmmlc& tn suro-g 

Hcual response to walor/sult loads, dehydrntlon tn Soro-tf 

- llutiiural teumirtlons Involved tn al*ovo 


Vostlhulnr System 

llolo uf altered cues; visual, kinesthetic, athor sensory 
Effocl of ovor hydro Han, dehydration and Increased venous 
pressure on motion slcknons ihrosltold 

- Predictive lust for zero-g spaco sldaiess flusdcpUbillty 
{? parabolic flights) 

- Basic studies regarding etiology 

- Role of one-g training In prevention 

- improved niedlcatlonK for proven IJon/cotilvol 


Aug. 1!)B2 - Life Sciences Category A MciUeul/IHoioglcul Carry -tin 

Ex |«ri matte liib. Medium hIzo laboratory module cluster (201 kg) 
1.44m?) capable ol accomplishing a wide range of biological research 
areas of interest to modu ratu depth In a surfon of flighte. 

Tunt Specimens: Small vertebrates, cells ft- Uhsucb 


MAN'/ SYSTEMS INTEGRATION 

rd>. 19S3 - Life ScUmcun Category A Mnn-Sywiem Integration Carry-on 
Exporlmait Lob. Medium slr.u lulmrutary module cluster IH7.7 hg, 
D.flSrn ) capable of nccom pits King nil priority research arena of Interest 
In MSI to moderate depth over n dories ol flights . 


LIFE SUPPOirr/PttOTECTrVF- SYSTEMS 

Aug. 1083 - Life SeionccH Category A Life Support 1 ProtocOvo System* 
Carry-on Exp. Lab. Medium Bite laboratory module cluster (1D8 kg, 
1.09m 3 ) capable of accamptlahlng a wldo variety of Ufo Support and 
Protective SyalumJ tosta of prototype and flight hardware component* 
and BUbnyatomB an wolj aa scltmtlflc and engineering prfnclploa. 


Tout Sub|cclor Humana, Small Vcrtobrawa, Cell* fc Tisauea 


Toat Sublucta: Humans, Nwi-Human Primates, Email Mammal*, 
Culls L Tissues 
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TIME-PHASED LIFE SCIENCES RESEARCH 

FOR CONSIDERATION ON 7-DAY DEDICATED LABORATORY 


" PRELIMINARY INTEGRATED LIFE SCIENCES PAYLOADS 
[FOR HiUTTLE/BPACELAtt THItOUUH 19R&, PREPARED 
FOR DR. WINTER, 7 FEBRUARY 1975 

SCIENTIFIC USES OF THE SPACE SIUTTLE, SPACE SCIENCE 
BOARD, NATIONAL RESEARCH COUNCIL. NATIONAL ACADEMY 
OF SCIENCES. WASHINGTON, !>■<?.. >9T4 

EFFECTS OF SPACE F1JCMT ON MAN 

BIOMEDICINE 

{Evaluation of the Gauer-llcnry wOex In largo mammal* 

1 Animal stud!** of Aldfta in Body fluid It blood distribution 

* Human input/outpul water balance studio* with respect to 
jcardlovmacular performance 

Cardiovascular System 

Expo rim unt* In both animal h ft human* needed i 
Peripheral bluod flow fLBNP) 

Exercise effect en cardiovascular retaliatory response* 
Study of tody fluid comportment volume* 

- Study possible atrophy of cardiac ft other muscle* 

Anthropometric moaauro* of cardiovascular fluid vbifi* 

Testing of Inflight space nausea countermeasure* 

Evaluate pro - and peal-fllght "apace pausim" screening 
data to determine predictive value 

i 

Hormonal ft elocirolyte assay* to monauro minora) ft 
fluid balance 

Followup atudtoa In Kkylttb renal funclluv obaurvalion* 

fitudlaa on bone marrow suppression in weighUuHenuiiH 

Evaluate Lba uftuuUvunoKb of typon of oxorclso maintaining 
cardiovascular and muscular uwu 

fcvaalvu animal* studios to measure Inctur* cmitmlllnn 
poatfllghl cardiac output 

lloPDlratluLi 

Study mechanical function of lung* In jsun>-g 
- Study pulmonary vascular roataUuico 

Study liaig resistance to infection (clUary ironapart, lymphatic 
drain ago, phagocytic function) 

KUlnov ft Metabolism 

AMosUirone a scroll on 

Body electrolytes 

Insulin accretion 

Orowlh. hormone hoc ration 

Body fluid compurtmuitt volume measurement 

none formation in rurr-g (twm> repair In animals) 

Efleci of xom»g on baas) metabolic rate 

Hematology 

Hod blood cull maa* measurement 

Bale marrow funollanal response to itoro-g 

Blood granulocytic response to Inflammatory stimuli 

t 

Neurolocv 

Study vestibular function* hi man ft animals 
Ntmruphystologicu! dysfunction (righting reflexes * cardiovascular) 
Nervous system development In animals In ruru-g 
(demonstrate dysfunction In 1-fl) 


Mb* rob hi logy 

Study of cellular Immunity (Unction* rulatlvo io hnnt resistance 

(k [mi elite Immune rui|ntiNO monitoring ft record of bom infection*) 

mouxiY 

BIOLOGY 

Research* 

Physiological effect* of rurn-g on small mammals 

Smalt vertebrate aiudluh on the rol* Dorm hi pa nr endocrine 
contra! ol mu mi tuition physiology 
Animal studio* on thu nieohaniHm* Involved In space nruiKun 
And voetlbulur adaptation m aura-g 

Behavioral patterns In aoro*g 

Cellular and lnlracellutar movumoni in xoro-g 

Plant growlh and dovutopmunl 

+Du*1gnnU)d a* "Research" In alovo nource. 


MAN/SYSTEMK INTEGRATION 1 

! MAN/SY STEMS INTEGRATION 

Evaluatli* el Advanced Design Cuncopta 

Mo a pm re decrement* in |*ir for trance 

Flight teal of planetary sample return handling pmcedurus 
Teal of teleoperator performance In simulated payload 
maintenance and survleing laafot 
SlmutaUcn and training optimisation studies for admitted 
man-macWno laaka 

Expo rim ant BuptwH Equipment Dealra Eviluntlane 

Study lntorperawial rune lion patterns 

Mental alertness ami performance and sleep pa Item relations 
Man /machine intograiion tasting of to too per* for- re mo (a 
manipulator system 

Flight tent of m*n-m* chlno In tor face design criteria 
developed from Bkylsb result* 


LIFE SUPPORT /PROTECTIVE SYSTEMS 

LIFE SUPPORT TECHNOLOGY 

Evaluation of Advanced Resign Concept* 

Component mating 

Evaluation of gravity-influenced phenomena In regatorativc 
Hfa support ay a lama 

'/Ughl evaluation of advanced EVA llfo support and crew 
transportation concepts. 



Teat Eubjocla: Human*, Non Hum in Primal**, Small 
Mammal*, Call* ft Tlmim* 


Teat Subject*; Human* , Non Human Primate*. Small 
Mammal*, Coll* ft Tlaauoa. Plant* 
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LirK SCtRNCKS PAYUlAD HClWDUUi 
__ »t, nyNNI^fl, OfWFJ*MMS 

URDtCtNK 


Tho t'KU'uuillnuJi «t Uw tiUyUMi Ufo ScUwcn KymituMunt, Annual ST ‘if 1 * H'TI* 

VttJ, II, iit!|Kwi N». tm Ji-aMM, JSiMmaw, KA&Wte* Communi* Iromt 


UlOMKmclNK tCANlHlUTK FUTtmt BTUWKSl 


IMo. imp ^ Lilu Soiww>» DotUcKiml laboratory, Modi iMotUmtl 
Emphaili Ml mt 1 141) 

Modlctnat All Itoawirch Aw* a of to tore* t (It At) 

July 1981 - Ufa BcloncM DwBu*tt*» Lab, Mod 11 OMotofy ftmt Advanced 

Tw>tnalo«y MlMUm) 

Madjulntir AH ltoatmrch Aran* nl tMuroal (HA1) 

Jan, ID SB - Ufa MuMW IMiUctilciit Ub, Mint l) (lllolngy ami Atlrahcuil 
T&ehwlofly MIhuIohI 

Motllotatn All lleiMMVeh Aw*» of totureat plAU 


CfinUWMKulnf SYRlpm 

to-tto^Hb itanlnvaMvu cflrUtovktPuuiar dynamic a monitor In* 

^ tnvanlYt* prcnnurtk/vulmno/now chw*ua tit u*rly ntfiht tanHnftil 

- Iwmoualvuin pro««Hi? w flUntiUHi of UnuatHWm'y rnEltyt 

- Tola! ltotly twiuttiiBQ ru&Mimo maintain luwjH'IV ®( witltivavlty 
*« well nit major imtacltl uniuiw 

- Aaron* tultt of Yonwa tcajuiettoiKPl vmhoIh lit ulurarwl 
ikiotvruUUtifttnjT prueomt 

* A a aura talo tif rrvHutui 

^Hl'Hl oaMillflJ fly* tom 

- Ablate oaUtulIc In-fHftht rlwnfcva iIkhh)* nwaob*) to nolmnla 

- CoanUtrmwtkutti ovalunlluiit 

lHotary 
PhyaloM 
T Hormonal 
y Int J/ K Um t rol yl ft a 

- Damotiitral* GAUur-tlnAry wH** 

- HwhV hemodynamic* in aero-tf 

- Uuial reason a o ^ Wfttev/diU load*, (luhydraMon in 

- tin moral httern'llnil knvnWml In nluvtt 


VBHtUulnr fiyaltim 

* HtiUtvf nUtuuit fiiaiti vUwftl, klnoniMlc, othtH* Hwiwy 
Kftool Ti f iivurhytU'Wltoo, dohyd ration wul lucrottifrd **wun 
proa*mrd m motion id atom r* thru ahold 

1‘Mlollvn to*i for lom-tf u\*m nlcknua* auaeopiltiltU)' 

1 IV |«\rulwllu TtmhUi) 

* UftlilO RUidtos rcRfttvUim uUolO|*y 

- Hula v r i*u!«u training In pruwMIon 

» Improved nunHcnUfliw for pniYtmlt«i/c«iH™t 


WOLOC1V 

l)piT : long - Ufu S' I moon Dedicated laboratory, Mini l lWiullonl Kmpfta*4p 
Mlardoni 

Ukilw; rrlm*tap, SiriAll VartetiralM^ «ntl Cull* * TtH«iH#P - All 
UtiRtinrifh A roan of InldrBHl tllAll 

J uly taai - t.iru SulniCtlH DmUntiml tab, Mwl 11 (Hlrtlom' nivl AtHimwl 
TaokimliiRy MIhpIoii) 

Wnlnsy: Vrhtmk5it» SmitU VoriutirnleR* CmUh ft Tlitnuon,, PtanUi, 

111 vertebra In* r AM llAl 

Jnit. It? a t ** Uftt Snlnmfop ttmUcntml IjpU*. MaI It illlultmy nml Atbitncml 
ToclutiKi^y NUbrIw) 

lUtiliW 1 VrlmutoK^ Miwill Vtirtotiralfi, CuUh ft TlMumii I'lantn* 

In vttv inti nuni« i All HAT 


1 NUN 7 «Y!m:M 3 tHTKtlHATlt^ 

1 ihw- HbHl - Ufo SAnimcoa Ihnllvtilwl InUiraUvry^ Mml l (MihUchI Rm|ibanlN 
MLnHlnit) 

lUiMvtor: AM HA1 

July lnsi » ufe Dmllcnletl tab, Mtxl II ilUnlonty wwl Artvan^l 

TflOtnoki|sy MlsnUw) 

Itehivlon All HAT 

JiMk. - l.lfti ScUintw# IKottealthl lab, Mml t\ [HlUngy mi it AMvtinevJ 
TmiluoltiKi' MlttPiOH) 

Ikihavtor- Ml HAT 


ufk wmw/nwrKcnv» s^htkmk 

Jtily 1 Pitt - Ufa tiolwcua DetUdateil tall, Mmt tl Hlloloio f ami AiHanreil 
Ttffltittilojqr Mlaalon) 

Uto (Atinwrl ft Frdtoetltu Ityatamai Alt HAI 
J mi>_ l|>H3 ’ UTn SV l l«ut^a DvHIphUsI tjUu Wwl H (tUoloo* «h 1 AitvnnctfM 
T^OltlolojtT Mlaaltm) 

U(a Stinxiri ft I'riHeodva Syatamat All RAl 


J 


Teat fMbJaola; Huniina, N«t* Hum an l^ tlmato a. Small Main mil*, 
Coll a ft TtiiMi, rtanta, tnv«rWbrai*a 


Tail SubjtK'iar Humana, Nttn-Uttman prlnialna, UmaJl Matnmala, Call* ft Tlaattn* 


TIME-PHASED LIFE SCIENCES RESEARCH 

FOR CONSIDERATION ON 30-DAY DEDICATED LABORATORY 


rt«Ufalfi*rr (ntefrgted Uf* Setrocaa Payload* 
tor Fhuhto/^acuUh through HUB, 
Frown*! lt>r l>r. Wtotori_I_F*bruarv IflTB 

ficiomihe Ua*a of tta (V«w »ulU*, (fcwen flcteM Hoard, 
HaUonal R**««r«b Cowell, Ktttwal Academy of SclwcM, 
WaaUMLm. ILC.. ISM 

EFFECTS OF SPACE FUOIIT OH MAM 

NOMfcPtCWE 

Staa.lt mammal expertaiwt* to en«Mum (he abeeUtto to la- 

Car din vi ocular Dipuia lExpti M both animal* fc human* noodedl 

HfifiHhjp tatwwn length of c:cpo*v>ra to we|ghU«*wie*it anil 

- Porlpfcnnki Mood Cow 1UWF) 

puW vaium* iWfU 

• Exert]** oftoot on cartfcovaacUar rogulaurr rt*p*o*M 

* Study of body fluid cnmpartmwt votum** 

BratU nivrrun*] atudtes cm uro-ft related mu *culo*lui total 

- Study pojalbla atrophy of cardUc fc other mu*4** 

ch*nc. r 

]tea pi ration 

• Wady mechanical funettoo oT lung* In t*ro-g 

Small mammal etudle* on Erythropo^I* 

- Study pulmonary vaieular r**lat*w» 

- Study lung naUtuci to Inlwttw fctllary traniperl, lymphatic 

Effocte of t«Alc« 1 gravity m f aJetom Id** from fc onea 

drain ago, phagocytic function) 
KUfcog fc Mitafco^am 

Monitoring of in^L/ootput water bianco to *wdy cardlo- 

- AltkiUcrtaui, loaulln, fc growth hormwa awrollw 

vutcuUr fluid ►hlfU 

- llmty ol*clrolytei fc flu XI eoupartment volume meawramml 

- Uwo formation In »*r«-g thaw rcf*ir la animal *) 

Evaluation ol to-flight apace alckneaa counlenwuur** 

- |; [tret of rero-g on h*aat matabollc rate 

Jlamatology 

In-flight termgoiJ and electrolyte oeaaya to uHiuru 

- HikI Mood call nut moamirainiBt 

mineral and Quid balance 

- non* marrow fuactsaval reapwao to *aro-g 

- tllood grvuducyllp r**pan*« to inflammatory aUmull 

Foltowwipabnlle* <n ifcy l»b renal tone teat obaarYniUma 

Naurology 

- Study vaa titular f motion* In man fc anlmala 

Human fc animal atudto* tn taoo marrow m^analan 

- NcurophyalDlogtoal dyafunotltm (righting rotU*a*-canliov»»cul*r| 

- Martuui syatem dovalopmwt In animiila to uni 

Evaluate otfecilveaMi of tyjasi of exurclao Ln maintaining 

Idcmoialnito dyafuncUni to l*g| 

eardlovaiteutar fc muaculir tooo 

Ml o r»b 1 olocr 

* Study of coiluUr Immwlty function* raU^tre to boat rwalatance 

Evaluation of counter moaaurc* for to«*c# uf mineral* 

(HwcLflo Ipumaa roapdtue mtnlturtog i record af hunt 

during: *p*c« flight 

iafecttoni) 

Radlobtoloaf 

Evaluation of crew aotectioti criteria (refractory to 

- Study biological ofleote ot II7.E- parti ale far proof -of -pr toe Iplol 

catetalte to flume** of *i»cofllibtl to r prolonged nit** (on* 

Study molecular baal* of aara-g perturba lun of cell dlvtjloa 
(tn vivo fc in vitro cell totaling) 

■ W0UX1V {thMtgnated a* M tte»e*rch M in tkn 

iUOUDGY 

[Animal n tod loe on effect* ol weight! nemos* wi aging 

Cellular fc Mnletator UWogy 

Small vertebrate t torortobrate atuiltoa of cullular Uivtolw 

- Htudlue of tta Unotlc* of cull growth fc cell tUvlalw im plum ft 

it ditto ran latewi during a |*« flight 

nnlmal t!**te> culture*, tome ia»rn>w to vivo, akin In vivo, 

Evaluation ot biological rhythm* teirtog apacnQlpht 

totoaltoal upftlwtlum In vivo, roiwlr rat* of vfcmigml akin A 

ftovall vertebrate BtudJiM ol Uto collator mouhantonin 

Injured tane marrow, umbryunlc itovulupmani 

cm trolling bohaytor 

- tlcnetlp atuihrai coll ibvlaion, chromoaume ropllcuUun 

Study u( met; tun Lima nan troll tng ROiiLrophlcr rtrt|KitiJn)a In plant* 

- Cellular fc burn cellular mmumanl In roro-g 

Evaluate ofloeto of w nightie* an can mt plant growth, devulup- 

Animat ItlnluQ 

mom* maturation, reproduction fc productivity 

rhyaiuloglcal efliwiii of tero-f on amnlt mammal* 

Human 1 *ntma| aludlo* m mucbanlam* Involved tn apam 

Morptagtatlc chant oturUt tea If almplo ntetopoan* - protoao* - 

tttwaea ft vaadlnttor iitaptnllun to tnm-g 

illaloma 

Study of ottucl* of roduwd gravity on vertebrate repro- 

- Small mammal po*Htatal growth fc dovclopmiail to parent 

ductive procnanua, ombeyygwteat*, |wrtorlU«i, growth, 

cardiac decowhltorlng, mlnoral mulnUiUim, muaculoekeletal 

ilondppmml, maturation, nutrition fc lunjtovlty 

develupnwnt 

| Meavurn effect* of reduced gravity on a tmud range ot animal 

- Effect* of fractional g {vnruhle cwlrifuao) 

j behavior involving wxworyi nou rum u uvular, and 

- Rohavturii rniteroa tn rortv-g 

] neurological i*r[orminco 

- Circadian rhythm* 

SUuliu* tit the clewed ayatom ovolouy of hJgtwr plant* 

plant lUulw 

* Plant Growth fc Development; Atlbldi»ii»l*, carrol*, tetacoo, 
■tmflowor-tipaue nulture* 

- Gutilroplpm of atom fc rani tlaflue dwirrorm w ground: to altooxtei 
to mimic weight! rut muhi a fc vnrlfy to auro-g w variable cwtrlfugu 

>lAM/8m«M» tKTEtiftATfOfl 

MAK/SYSfTEMS INtKtllLVTlON 

■ i 

Evaluation of Advanced tteatoi Concern* 

Meapuro iVtcrfliuwilit in fiuriiirmanco 

Evaluation Leleopu rainy ayaioma \trw'flying) in iM ploy gig. 

Study tnterpcrpcml reMtinn iBlleni* 

ratrlovlnf;, fc uorviclng patoliiioa romultf from Uw 
ahultlu 

Mental ilactoeaa ajvI performance It aloup (ntlorn relation* 

Ttu<tinK<i( mainlunmea fc rcpolr tachtilt|U«* oml Uk»Ib 
SimulatliMi fc training optlmUithm *iud!ea for man ►machine 
tuka 

Evuertmani ILorort E<wlpm**it Dealm tN'atualioru 
night tent of man-maclitKi Inter fate dnalgn criteria 
ilovolopcd from Jftylab reaulia 
AvneaaniaM of the aafety, rfllclency, fc effocdvtmeua of 
Laburaury tcctnlquo* fc procmiirt* 

Bn *Ltu mnwuremontuf EVA pertormaneo napnhiliilo*, 
validation of man -machine te*V aiuicnliai rule*, fc 
wrlflcailen of EVA auppert hardware (tool*, 
ro* train U, llghia, ole,) tcceptabtllty 

ayatrnn 

UFE miPPOHT/PHOrTECTIVK 8YSTKMS 

UFE stippoirr TECHKOWWY 

Kvalaallon nf Advanced ivpiixn Concept* 

Evaluation of Urna-d* pendent, gravity -in OucnctHl phopomma 
In regrtiaratlv* llf« airport ay*lnmi 

Expsrlmont aurrart l^lulnnml OkbI«» >:v*luatton* 
Evaluadcn of lima-depwiikmt, gr*vily-lafl\wnoed procc**r* 
fc rompcmiUa |n 14fa Science* i«n»r( *qutpmmi 

C&mpoMtL to j ting 


T**liW>J*eU: llumima, Nw~Itoman Primate*. Small T**t flutyectei Uumvit Wen-Rum** Primate*, tadl 

Mammals, Vertebrate*. to vertebrate*, C*IU fc Mammal*, Call* fc TIppjo*, Ptente 

TImu**, rUnl# 
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UI» M«9M ptykad fetokit. 

TM Proceeding* of the Siylib life faience* sympealum, Augiut St-IB, 1*14, 
Val. 11, Report ]U- TM X-UIM, JSC-fttltt, KABA-dBC. Cowmenti IMi 
A lk■rlftntnl^ , ■ Ijwnaw F. UliMtrte. il*D.. NAR*Ar*e 

UEOtCWI 

Jail tit - Ut* 9dm*m »0-Pty Padtoated Ub, Mod B (Biology/ 
AdvuoMl T«taotofjr Ulaeta) 

AH Raftearch Ann of Mnit (KA|| 

Ju, mi > LU« Bet thee* Dedicated Ub, Mod □ LBkolo« 3 r/ Advanced 

Tocfcology Ulttltt) 

Modftae: AU IW 

July W* - ill* Beta 0 *a Dedicated Ub, Mod m iDialogy/Tectaology 
Kmphaala Mteatal* 

Madlatat AU RAJ 

’Pint flight of Life Bdeocea Jtaeardt CauWAig* 

BlOUttlCme (CANDIDATE FUTURE ffTODCRg) 

CertltfraicuUr Bvatetn 

- hi -depth, ntnlnYMlvf oenMovucular dyaamic* aallorhf 

* hnrw*tva prettere/volume/Do* change* te early DlgW (animal) 

DenmaUitie preaaoca or abamca of CatM Htary rtfiat 

*■ Total body e*orcl»e rrglmre to maintain Integrity of aaUgrtrity 

u welt m major tnuacl* group* 

- Ainu rolo of vonou* (capacitance) v*aa*U lu obearvad 
daeooditiotikig praceu 

- Ainu rolo ot Utiguo 
Muiculoskalatat Syatnm 

- Aboolute catabolic In-flight ehangoa (booo, nuadu) hi aqlmatj 
“ * Cixattenneaiure evaluation] 

Dietary 
Phyalcal 
7 llanaooal 
Fhild/E lee Irelytr • 

* ttoaonatrata Cauer-llenry reflex 

- Jtmal hemodynamic* In aero-g 

- Raul reaponae to water/aalt loade, dahydraUoat in aero-g 
Humoral tntoractkne Involved In above 

Mamatotoglc Byatam 

* Oronl -baaed marrow-ouppmolon (actor* 

- Validate Eh^ab reoujU m longer Earth -orbital Right* 
Vaatlbular Svaiem 

* Rot * of altered cub it vlaual, klneathetlcr, other kepeory 
ECfeoi of oyer hydration, dehydration and hicraaeed ymow* 
pro j jure on motion elclmoea threahold 

* Predictive tin for aero-f epaco alchneea maceptilbAlMy 
(T parabolic fllghte) 

- baric aiudtcs regarding etiology 

- Role of rmo~g training In prevention 
tmproted medication* for pro vontta /control 

1U0UWV 

July 1962 - tife faience* 30- tiny falcated Ub, Mod TT (THology/Advaneed 
Technology Mlaalns) 
ntologyr All UA1 

Jan. 1983 - Life Science* Dedicated Ub, Mod JI (biology /Advanced 
Technology Mlutal 
Biology i All «A1 

i July lpg3 - Life Science* Dedicated Ub. Mod m (niotogy/Tectaology 
EmphaaU Mlaalort)* 

IlSologyi 1' H\r 

♦Firei 17 : -• fv'.tmcoa 14} scorch CcntTlfuge 

\ 

MAK/SWTKMB C^TKOKATWW 

July 1 992 - life Kclcflcoa JfMtay Dedicated Ub. Mod R (Biology /Advanced 
Technology Mitotan) 

Behavior: AU IIAI 

Jan, IPSO - UXo falwiCD* Dedicated Ub. MOd d 1 Hlol Ofy/ Advanced 
Technology MIp*Iwi| 

DeU>1afi All UA! 

July DM - Lifo faience* Dedicated Ub, Mod in t Rtalogy/Teclivitogy 
Emphuia MJ**tan)» 
behavior; All TtAt 

•pirat VUgbt of Ufo fatacna fla search Centrifuge 

1 

i 

j 

LIFE SUPPOltr/|*|tfrrECTtVE SYSTEMS 

July 1»13 - Life faience* JO-Pny Dedicated Ub, Mod H (Biology/ Advanced 
Technology M Union) 

Life ftpporl A Protective flyttem* i Alt RAl 
Jan, 19A3 - Ulo Soirees* IMloatad Ub, Med n (tlioln*y/Adva&c«*l 
Technology Mlajta) 

life Support 4 protective Syttemai AU HA1 
July 1983 - UreSctaoo* Deducted Ub, Mod ITT (lllology/Tneta>logy 
Kmphaale Mlaelon)* 

Life Support A protective Byatemar All RAI 
▼Fital Flight of Ufa Bclmcaa lloeeareb Centrifug* 

I 

J 


T*m Subject*! Humane, Non-lluman prlmatee, Small Mammala, 
C«1U L Tlantea 


Teal Subjoctat Human*. N<»' Human Primate*, Small Mammal*. 
Cell* b Ttenie*, Plante, tivertebratee 



Baseline Life Sciences Research Requirements for S^acelab, Extracted From NASA./ 
MSFC Report NAS8-30288, August 1974. 

(General Dynamics Convair Report No. CASD -NAS-74-046). 


Research Area Priorities for Biomedical and Biomedical Surrogate Missions 




CARDIAC FUNCTION 

PULMONARY FUNCTION 

HEMODYNAMICS 

BLOOD MORPHOLOGY 

ELECTROLYTES 
ENZYMES HI 

ENDOCRINES 
GASES 

ORGANISMS £ 

IMMUNOGLOBINS £ 
PROTEINS 2 

CHEMISTRIES £ 

G.L FUNCTIONS 1 
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CARDIAC FUNCTION 


PULMONARY FUNCTION 
HEMODYNAMICS 

BLOOD MORPHOLOGY 

ELECTROLYTES 

ENZYMES 

ENDOCRINES 

GASES 

ORGANISMS 

IMMUNOGLOBINS 

PROTEINS 

CHEMISTRIES 

G.I. FUNCTIONS 


♦CELLS & TISSUES 


BIOCHEMICAL PROPERTIES 


BIOPHYSICAL PROPERTIES 


RADIATION EFFECTS 


MORPHOLOGY 


EXCRETORY FUNCTIONS 


EXCRETORY FUNCTIONS 


METABOLIC STUDIES 


METABOLIC STUDIES 


MICROBIOLOGY STUDIES 


MICROBIOLOGY STUDIES 


NEUROLOGICAL FUNCTIONS 


NEUROLOGICAL FUNCTIONS 


VESTIBULAR FUNCTIONS 


VESTIBULAR FUNCTIONS 


♦PARALLEL BIOMEDICAL RESEARCH OBJECTIVES TO STUDY BASIC MECHANISMS OF MAN'S ADAPTATION TO THE SPACE ENVIRONMENT. 











Basic Science Research Area for Vertebrate, Cell 
and Tissue, Plant and Invertebrate Missions 


VERTEBRATES 

CELLS 6 TISSUES 

PLANTS 

INVERTEBRATES 

GROWTH 

GROWTH 

GROWTH 

GROWTH 

DEVELOPMENT 

DEVELOPMENT 

DEVELOPMENT 

DEVELOPMENT 

REPRODUCTION 

METABOLIC STUDIES 

METABOLIC STUDIES 

METABOLIC STUDIES 

EMBRYOGENESIS 

HOST-PARASITE RELATIONS 

BIOCHEMICAL PROPERTIES 

BIOCHEMICAL PROPERTIES 

SENESCENCE & AGING 

GENETICS 

MORPHOLOGY 

MORPHOLOGY 

GENETICS 

RADIATION/HZE 

EMDRYOGENES1S 

EMBRY0GENESI5 

RADIATION/HZE 
PARTICLE EFFECTS 

PARTICLE EFFECTS 

HOST-PARASITE RELATIONS 

GENETICS 

RADIATION/HZE 
PARTICLE EFFECTS 

RADIATION/HZE 
PARTICLE EFFECTS 


Representative Plant Research Functions List 


GROWTH & DEVELOPMENT 
GROWTH RATE 

SEEDING CELL ORGANIZATION 
ROOT DEVELOPMENT 
FLOWER SYMMETRY 
LEAF SYMMETRY 
POLLEN MATURATION 
GERMINATION TIME 
GEOTROPtSM/PHOTOTROPISM 
SEED MORPHOGENESIS 
CYTOLOGIC STAINING 
STOMAL OPENING 

PHYSIOLOGY 

CI1LOROPLAST METABOLISM 
PHOTOSYNTHETIC ACTIVITY 
VIRAL IDENTIFICATION 
FUNGAL IDENTIFICATION 


COMMON OPERATIONS 

SPECIMEN STATUS OBSERVATION 

AHt SAMPLING 

MICROSCOPY 

MASS MEASUREMENTS 

DESAMPLING 

OXYGEN MONITORING 

CO,, MONITORING 

WATER VAPOR MONITORING 

RADIATION MONITORING 

BIOCHEMISTRY 

TOTAL NITROGEN 
CARBOHYDRATE CONTENT 
WATER-MINERAL TRANSPORT 
PLANT HORMONE ASSAY 
PHYCOCYANIN 
PROTOPORPHYRINE 
PLANT ENZYME ASSAY 
INVERTASE ACTIVITY 
GEHYDROGENASE ACT, 
PEROXIDASE 
PLANT LIPIDS 
AMINO ACID ASSAY 
ISOTOPIC UPTAKE (C, Ca, N* P) 
STARCH GRANULE ASSAY 
ALKALOID SYNTHESIS 
CARBON DIOXIDE EVOLUTION 
OXYGEN UPDATE 
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Initial List of Equipment Items for Biomedical and Biological Areas 



USING F.P,E,»6 | 

EQUIPMENT ITEMS 

BIO- 

M EDI CINE 

SMALL 

VERTE- 

BRATES 

CELTS 

t 

TISSUES 

PLANTS 

INVERTE- 

BRATES 

SPECIMEN A^ViqTtON 






AIR PARTICLE SAMPLER 

X 

X 

X 

X 

X 

ALCOHOL SWABS 

X 

X 

X 

X 

X 

ANEOTIUTTIZER, INVERTEBRATE 





X 

BIO BACKPACK, MICRO 


X 




BLADES, SURGICAL (25 PK) 

X 

X 

X 

X 

X 

CHLORAL HYDRATE 


X 




CUFF, BLOOD PRESSURE 

X 





ELECTRODES, EEG, EXG, DISPOSABLE 

X 

X 




FLOWMETER, DOPPLER, BLOOD 

X 

x ! 




FORCEPS, GILBERT 


X 

X 

X 

X 

FORCEP, NEEDLE, METZENBAUM 


X 

X 


X 

FORCEPS, SPLINTER 

X 

X 

X 

X 

X 

FORCEPS, TISSUE (RATTOOTH), MICHEL 


X 

X 

X 

X 

HARNESS, ELECTROPHYSIOLOGY 

X 





HARNESS, ELECmopHYaOLOOY, MICRO 


X 




KNIFE HOLDER, BARD PARKER 


X 

X 

X 

X 

LANCETS (2G/KTT) 

X 

X 




LOOP, INOCULATING 

X 

X 

X 

X 

X 

MEDIA, BLOOD AGAR, PLATED 

X 

X 

X 


X 

MEDIA, EMfi AGAR, PLATED 

X 

X 

X 


X 

MEDIA, FLUID, EXP. SPECIFIC 

X 

X 

X 

X 

X 

MEDIA, PHENYLETHYL ALCOHOL AGAR 

X 

X 

X 


X 

MEDIA, SOLID, EXP, SPECIFIC 



X 

X 


MEDIA, TfiA AGAR, PLATED 

X 

X 

X 


X 

MICROSURGERY SET 


X 

X 

X 

X 

NEEDLE, INOCULATING 

X 

X 

X 

X 

X 

NEEDLES, VACUTAINER, 21 GA,, 20 GA* 

X 

X 




nembutal 


X 




ORGANISM THANSFER/RESTRAINT CAPSULE 


X 




PIPETTES, OXFORD SAMPLER 

X 

X 

X 

X 

X 

RESPIROMETER, STRAIN GAGE 

X 

X 




RETRACT OK, WETTLANER 


X 



X 

SCISSORS, BABY OPERATING 


X 

X 

X 

X 

SCISSORS, MAYO-NOBEL, DISSECTION 


X 

X 

X 

X 

SCISSORS, OPERATING 


X 


X 


SPIROMETER MOUTHPIECES 

X 





SYRINGES, 1 CC (20/KIT) 

X 

X | 

X 

X 

X 

SYRINGE, BLOOD COLLECTING (EA> 

X 

x 




SYRINGE, VACUTAINER, FED SIZE (25/KIT) 

X 

X 




THERMISTOR, DEEP BODY TEMP. 

X 

X 



X 

XDCR, VENOUS PRESSURE, IMPLANTABLE 


X 




ZERO G REST RAINING DEVICE, EQUIPMENT 

X 

X 1 

X 

X 

X 

SPECIMEN PREPARATION 






ANIMAL DISSECTION BOARD, UNIVERSAL 


X 




CENTRIFUGE, M1CROC1IEMTAL/HCT 

X 

X 

X 


X 

COUNTER, DIFFERENTIAL 


X 

X 


X 

COUNTER, TALLY 

X 

X 

X 

X 

X 

COUPLER, DOPPLER FLWMTH* 

X 

X 




COUPLER, EEG 

X 

X 




COUPLER, EMG 

X 

X 




COUPLER, PRESSURE XDCR j 

X 

X 



X 

COUPLER, STRAIN GAGE 

X 

X 



X 

COUPLER, THERMISTOR 

X 

X 



X 

COUPLER, VECTORCARDIOGRAM 

X 

X 




COVER SUP (COUNTING CMBR) 

X 

X 

X 

X 

X 

CIUTGSEAL 

X 

X 

X 


X 

DISSECTION BOARD CLIPS (PACKAGE) 


X 




GAUZE, 2X2, SPONGES (200) 

X 

X 

X 


X 

GLOVE BOX 


X 

X 

X 

X 

HOMQGENIZ E R , . 2 TO 50 ML 


X 

X 

X 

X 

LYOPHIXJZER, SPACE VACUUM (MANIFOLD) 


X 

X 

X 

X 

MICROSCOPE, DISSECTING 


X 

X 

X 

x 

NEEDLES, ASSORTED SIZES 

X 

X 

X 

X 

X 

NEEDLES, SUTURE, ASSORTED SIZES 


X 




organism/specimen mass meas. device 


X 


X 

X 

PIPETTES, OXFORD SAMPLER 

X 

X 

X 

X 

X 

R/^JOBIOIpGICALS, INJECTABLE 

X 

X 


X 

X 

SAMPLE PROCESSOR, AUTOMATIC, BLOOD 

X 

X 
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Initial List of Equipment Items for Biomedical and Biological Areas, Contti 



U®NO FiP.Ei'S I 

EQUIPMENT ITEMS 

BIO- 

MEDICINE 

SMALL 

VERTE- 

BRATES 

CELL* 

ft 

TISSUES 

PLANTS 

INVERTE- 

BRATES 

SPECIMEN PREPARATION (COMT'D) 






SLIDES, MICROSCOPE 

X 

X 

X 

X 

X 

RUDE STAINER, AUTOMATIC 

X 

X 

X 

X 

X 

SQUTBBS (PLANT GROWTH ARRESTER) (2S/PK) 




X 


SQUIBB nWNO MECHANISM 




X 


STAINS, ASSOUTEO, HISTOLOGICAL 


X 

X 

X 

X 

SUTURE MATERIAL, MONOFILA MENT 


X 




SWABS, COTTON (4/TUBE) 

X 

X 

X 

X 

X 

TEMPERATURE BLOCK M DEO.C 

X 

X 

X 


X 

TIMER, INTERVAL 

X 

X 

X 

X 

X 

TUBES, WCUCHtCT, HEPARINIZED 

X 

X 

X 


X 

TUBES, MICROHCT, PLAIN 

X 

X 

X 


X 

wrnairr buffer 

X 

X 

X 


X 

W RIGHT STAIN 

X 

X 

X 


X 

specimen STORAGE 






BAGS, PLASTIC, SEALABLE, LARGE 

X 

X 

X 

X 

X 

BAGS, PLASTIC, SEALABLE, SMALL 

X 

X 

X 

X 

X 

DRY STORAGE CONTAINER (ROOM TEMPI 

X 

X 

X 

X 

X 

FIXATIVE, ETHANOL 


X 

X 


X 

FDCATIVE, FORMA UN 


X 

X 


X 

FIXATIVE, TISSUE, EXPERIMENT SPECIFIC 

X 

X 

X 

X 

X 

FIXATIVE, ZENKEilS SOLUTION 

X 

X 

X 


X 

FREEZER, CRYOGENIC (LN2) (OPTIONAL) 

X 

X 

X 

X 

X 

FREEZER, LOW TEMPERATURE -80C 

X 

X 

X 

X 

X 

FREEZER UNIT -IOC 

X 

X 

X 

X 

X 

INCUBATOR, (MINI) 

X 

X 

X 

X 

X 

REFRIGERATOR 

X 

X 

X 

X 

X 

SPECIMEN VIALS 

X 

X 

X 

X 

X 

DATA AajMftmON/flTOHACti 






ADAPTER, MICROSCOPE -CAMERA 

X 

X 

X 

X 

X 

CAMERA, Sfi MM 

X 

X 

X 

X 

X 

CAMERA, POIAJHQD) 

X 

X 

X 

X 

X 

CAMERA, VIDEO, COLOR 

X 

X 

X 

X 

X 

CAMERA, VIDEOTAPE 

X 

X 

X 

X 

X 

LOO BOOKS 

X 

X 

X 

X 

X 

TAPE, MAGNETIC, IHKTRUM ENTATM )N 

X 

X 

X 

X 

X 

TAPE RECORDER 


X 

X 

X 

X 

ON BOARD SPECIAL ANALYSIS, REQ'U EQUIP. 






ANALYZER, BLOOD GAS* PH, POLL P02 

X 

X 




COUNTER, COLONY, MANUAL 



\ 

X 

X 

DIHPLAY, CUT, ELECTItOPriVSfOL. 

X 

X 



X 

ELECTUOCAltDlOGRA PH 

X 

X 


1 1 


LABffHX (Gl.U, ALB, BLOOD, PR, KtTTONE) 

X 

X 




HEMACYTOMETER 

X 

X 

X 


X 

HEMOG LOlUNOMETEII 

X 

X 




M ETA UOUC GAS ANALYZER, CELLULAR 



X 

X 


METABOLIC GAS ANALYZER, PULMONARY 

X 

X 




MICROSCOPE, COM PD 

X 

X 

X 

X 

X 

SPIROMETER (PA ItT OF M UTAH. A NA LYZEH) 

X 





PH METER, CELLS/T ISSUES MEDIA 



X 

X 


maintlnance/clkanup 


X 1 




DISINFECTING SWABS (PREPACKED TOWELS) 

X 


X 

X 

X 

UNERS, DISSECTING BOARD <50/pKG) 


i x 



X 

LINERS, GLOVE BOX (50/PKG) 


x 

X 

X 

X 

PORTA D LE AIRFLOW WORK SURFACE 

X 

x 

X 

X 

X 

STERILIZER, TOOL CBACTKCINKHATOll) 

X 

x 

X 

X 

X 

TOWELS, DRY, DISPOSABLE 

X 

1 * 

X 

X 

X 

TOWELS, P RE MOISTENED, ZEPIORANCL 

X 

X 

X 

X 

X 

VACUUM CLEANER (PART OF ECS AIR RETURN) 


X 

X 

x 1 

X 

WASTE STORAGE CONTAINER 

X 

X 

X 

X 

X 

r ENVIRONMENT* L COMT ROL/UFE SUPPORT SYSTEM 




i 

ECS PACKAGE 





f 

AIR CIRCULATOR (BLOWER SYSTEM) 


X 

X 

X 

X 1 

cooler, FLUID LOOP 


X 

X 

x ; 

X i 

FILTER, ACTIVATED CHARCOAL 


X 

X 

X 

X 1 

FILTER UNIT, 11EPA 


X 

1 x 

X 

X 

HEATER, FLUID LOOP 


X 

X 

X 

X 

OXYGEN MANIFOLD AND METERING SYSTEM 

X 

X 

X 

X 

X 

OXYGEN SUPPLY, PRESSURIZED CYLINDERS 

X 

X 

S x 

! x 

X 

THERMOCOUPLES 

X 

X 

[ x 

X 

X 

HOLDING UNIT MODULE 



i 


1 

A NIMA L WAT ERINa DEVICE 


X 




CAGE, SMALL VERTEBRATES 


X 




CLINOSTAT 



1 

X 

1 

COMMON CAGE MODULE 


X 

1 X 

X | 

X 

FEEDER, VERTEBRATE 


X 



1 

GAS MONITOR (C02,02) 


X 

X 

X 

X 

HOLDING CHAMBER, CELLS/ TISSUES 



X 



HOLDING CHAMBER, INVERTEBRATES 



X 


i * 

LIOII CARTRIDGES 


X 

1 

t 

1 X 

PLANT WATERING SYSTEM, AUTO 



1 

! x 

1 

MEDIA, TISSUE CULTURE 



X 


i 

WASTE MANAGEMENT SYSTEM, VERTEBRATES 


X 


i 

i J 
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Initial List of Equipment Items for Candidate in MSI Experiments 


RfcQir^rlD Egt/IPIIECT ITEMS 



v, c " 

W 



EXPKIUMEOT* 


H 

& g 


II 




Aceoleromet#r 
Acccler-nnoler Coupler 
Accommodation ft«i£n T*Jter 
Airlock, EVA 
Anemoscope 
Audio Stereo Heidiet 
Audio Tone Source, PorlaWu 
Audiometer 

B**«. PlMde, Pensieotto 

Hunch, Laminar Flow 

Btobeckpick, Micro 

Camara, Cine 

Camera, Still 

Camera* Video BiW 

Camara, video color 

Camera Controller 

Compulor* WfiLal 

CujiMulo, ilchavlorai Measurements 

Converter, A-li 

Crew Mobility Alda 

Crew llaMriihLrt 

iJats Control Unit, TV 

Data Manajpuntatl System, plotwr * Control Module 

Display /Keyboard, Portable 

Dynamometer, Grip 

ECO Coupler 

EEC Coupler 

Elaetrophytlolofly Console 
Elbetro physiology Display 
EloclrophyBloloio’ Monitor 

EloctrophyflolQpy Boeclvor 
Filters, Video 
Flicker Futiun Apparatus 
Gas Supply, Amwrtml 
Cunurator tijjnal 


« 


Tar*ut, litnloli 1 Uji* App, 

Tunkbuml, yDfco/Turqua 
TuakUnud, MnlnL/nman C, 

Toskboiird, Ptjulikjn flepro. 

Taridmurd, Ro«p* Oriuntatton 
Ttuikbocutl, Visual lloact. Time 
Timur, Ex uni 
t iinur, turner al >:,[uip. 

Vision Toutin' 

VlplonTontcr, Howard Dolman 

Visi on i T teMe r^ Amor. Optical 

Esperlmont KpeclDe Eijtilpmml 


Harness, Small Wire 

X 

X 

X 

X 

X 

K 

X 

X 


X 

X 




KH r Behavioral Mon su rw man to 1 

X 

X 





X 



V 


' * 


l 

KH. Behavioral Measure mu nta tt 

X 

X 





X 



X 




1 

Mmli Board, Mulur or Manual 

X 






X 


1 






1j>£ li>ok* 


i 





X 




1 1 

j 

1 

X X | X 

Mknlpulamr, lVunn>iit 





X 

* 



X 


1 1 

1 


I 

Meters, Ausurlud 

X 

X 

X 

* 

X 

X 

X 

X 

X 

\ 

X X 

X X 

X 

x 1 

MlcropJiuau 

\ 

* 





X 



X 





Mirror, Hu vu Ivin; 

X 






X 


, 



, t 

, * 

Mlrrnr Mount * Commutator 



X 

X 



* 

X 


X 




X XX 

Monitor, Vlikrt 



X 

* 

X 

X 

* 

X 

X 

N 





Or (homier 

X 






\ 








OMdlliilur, VIK' 

X 

H 

\ 

X 

X 

X 

X 

N _ 


X 

X 




OB^Ulom-ipo 


j 


! 





i 


a 1 



1 

Pu|*jj', ILve<>rilmi- 

X 


X 

i * 

X 

X 

* 

X 

* i 

X 


k j x 

X 


paUTiloarri Si t turn 

X 

j \ 

X 

1 s 

X 

X 

X 

X 


X 

! * ! 




Pefitirmnl, Pun toe 


X 


i 







j 



L— i t 

Pe^lmanl, Hmtii Ana 


X 





X 1 








I’urix-pluul Motor Perl. Tenter 


X 





* 1 








PtwIUnn Estimation Control 


X 





! v 


J * 






Power tfupply 



j X 

X 

X ' 

X 

X j 

* i 


s 




* , X , * 

Pjiyc ho motor 1\) r fa ntumeu Console 


X 



1 


X 








Psycho mulur KotaUr*; Disks 


X 

i 




K 








Jiaillaiion Wasm Syntum 




1 









X 

X r 

Ilweivur, EXC 

X 

*--.1 .. i 

|._ «... 

l a . 

X 

! * 

X 

X , 

l , 

X 

T . X ..... , 

k 1 , 


* . 

llcconlur, Taj*!, Voicu 

X 

X 





X 


I 

k 





[loom, Prhatu 



j 

! i 



X 



X 





Jjumtiira, Assorted 

X 

X 

X 

X 

X 




31 

k 

X 




Signal Cur.iUUunur* 

X 

i * ■ 

l * 

i * 

X 

X 

X 


. X i 

X 

L * i 



1 

Sound IjuvuI Mulur 

X 

X 


j 



X 



X 





StuailllWri> Tf ulnar Apparatus 


; x 


i 

i 



X 

1 



l 




HturUUur, Autodavu 


■ 











X 

X X 

Cutwrtl 

X 

1 * 

1 * 

l * 

X 

I X 

X 

* 

. * t 

k 

+ x _ 4 X 

, JL i * 

1 K 

t - 1 ■ 

Tafw, Video 



j * 

* 



X 

i * 


X 




k XX 


— I 
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REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS PQOB 


nkjod Cell Counter 


Initial list of Equipment Items for 
the LSPS Experiment Categories 





— 


EXPERIMENT CATEQi 







± . 

2 l 

"~r~r 

—4. 


Tj 

2 

* 

9 J 

. JO 

_ 11 

13 

EQUIPMENT ITEMS 

Id 

SI 

It 

m 

11 

hi 

iii 

ill 

iil 

if 

J] 

ill 

Air Lode -EVA 



.S 






X 




Antlyiv. Atomic Absorption Stmotroobo to meter 








X 


X 



Analyter. Infra r»d Absorption 



X 

X 







- 


Analyzer, Qenand f^eotm photo mater 

X 

* 4 


X 

~ 

X 

X 

X 

- 

X 

X 


Analyzer, Miero-orsardim, Autetnatlo I.D. 

' X 

X 











Anatvter, Conductivity 

X 




b- 






. 


Atmoeobaric Semolina Manifold System 




X 


X 

X , 

X 



X 


Betkee, JU^ixttoo. Standard Film 





■ 



X 





flu*, 


X . 










X 




X 






X 




Itottyift. Celia *l*t Tifisnes 

X 

1, _ 



- x + 







x 

Camera* Cine . 











" 


Camera. Still 













Camera. Video, Black and. White 









" ^ 



ft 

Camara. Video. Color 

X 

. X 

.. _ 

_x 






X 



X 

Chamlrek 




X 




* 



X 

- T' 

tf>r. foUdj.. 


X 








X 



- Computer Ujtelttl,—.. . , . ... 

. * 

X 

X ^ _ 

X 

X 


X 

X 

^ X Tr 


* 

X 

* _ Thermoelectric 



X 



^ x 


X 

X 



X i 

Counter. Colony ■_ Manual 

- 

1 

A . 












crew MoUUbLALda .. 

’ * 

». _ . 







X 



X , 

Crow Restraints 



X 






X 



X 

Data Management Buses 

X 



X 

X 

X 

X 

X 



X 


Data Management Plottor/Prtnler 

r * 

X 


X 

X 

V 

X 

X 

\ 


~x 

X 

Data Management Control Station 

X 


X 

X 

X 

X l 

X 

X 

X 


X 

X 

.Data Management Remote Instrumentation Modules 

X 



X 

X 

X 

X 

X 



X 


Data Management Wide Rnnd L TV Unit 

X 



X 

X 

X 

X 

X 




X 


Developer. Film 








X 





Display - Keyboard 




X 

X 

X 

X 

X 



X 

X 

Electrometer 




X 


X 

X 

X 



X 


j'oedor, Uquld^Autonmti.q . ... 

X 

X _ 










X 

Flowmeter* 

X 

X 

X 



X 

X 


X 

X 


X 

FlDjmetor Coupler* ~l 

X 

X 

X 



X 

X 


X 

X 


X 

Filters, Chemical 

_x 

X 


X 







X 

X 


X 

X 








X 


X 

Gas Aaatvxor, COa 


X 


. _x _ 



X . 

X 

X 



X 


Gna_j^nalv»ior,_OaB ChrompUieiraph . 

x 

. X . 

X 

Ji 


X 

X 

X 

X 

X 

X 


.G»b Anfllx^or* Jlaee.Spcctrqmptpr, Research 


X - 


Ji - 


X 

X 

X 


X 

X 


Gfta Analyzer, _>ta*« gRfigtrPtafeteyi SE£i?lQL. 

X 

x, 


X 


X 

X 

X 



X 


Gab Analyzer, O? _ 



* H 





X 

X 




Gnn Analyzer, Rolatlvu Humidity' 




X 




’ x__ 



X 




X 

X 


x 


x | 




[ X 

X 

X 

Gnts Motoring it Calibration Unit 




X 


X 


X 



X 


Holding Unit, CelWrisBiios 

X 

x_ ^ 










X 

lad|£nJe^4tm^bfirji!L^ , 








X _ 





louiitvliyiiJ}eiQ5kir. Elam .. 

-* , T 

X 


X 


X 

_x 

X 


. JE 

X 


.JSftUJSlieraifi^i — .. J 

„ *- 

X __ 

X 

X 


.. * j 

X 


X _ 

X 

X 

X 

Kl^Gkflliriip. 

X 

_x 

X 

X 

X 

-JsJ 

X 

_x 

..X 

X 

X 

X 

Kit, MqrsL>to)ofly „ 

X 

K 

X 






X 



X 

KU. General Tool 

X 

X 


X 


X 

X 

“ X 


* . ~ 

X 

X 

Dank Detector . 


X 

X 



X ■ 

x_^ 

X 

X 




Manifold, Vacuum 

_ X 

X 


X 







X 

_x 

Maintenance Task Simulator 



X 






X 




Masp Moa sure motU Device, Macro 

; X 

X 




X 

Jt 



X 


X 

Mass Moaauromont Device. Micro 

x__ 












Media. Dohvdrntod 


X 










X 

Media. PratKired 











X 



Motors 

X 

X 


X 

X 

... X 

X 

X 


X 

X 

X . _ 

.MIc.’ohcopo, Compound 

X 

X 

,, ? 






X 



_ Ji 

Monitor, Video 












. if. * 

Paper. Recording: 

X 

X 


X 

X 

X 

y 

X 



X 

X 

pH Motor 

X 









X 


X 

portable Lifo .Support System 



X 






X 




Power Supply 









' 


...... 

X 

PreHBure_3ull Connector 



X 






X 




Prospjjro Suit Manipulation Alii* 



X 






_x 


— 


Radiation Detector. Dofilmoter _ 








.X 





Radiation Detector, Genera! ~ ~ 








■"x 





Radiation Waste System 


X 










X 

Recorder. Multichannel Biomedical 

X 

X 


X 

X 

X 

~x ^ 

X 



> 

X 

Sensors 

X 

X 


X 

X 

X _ 

__x 

X 


X 


X 

Shroud. Environmental 


X 




x_ 

X 

X 





Signal Conditioners 

X, 

X 

_x 

X 

_ _x 

X 

x_ 

X 

Jx 

x_ 

X 

X 

Sterilizer. Autoclave 


X 






" 




X 

Storage, Goncral ' 

1 * 



X 

X 

" X 

X 

X 



X 

X 

Storage, Film 








X 





Steve 

X 












Tempore turn ^naora, Body 











X 



Temperature Sensors, Infrared 

r 

X 




i x 

X 

X 



Thermocouples 


X 


T ■ 

1 


, X 

X 



X 

Thermometers 

r ■ " .. 


\ 


T 

! . . _ 

r ^ 

l 


x 



Transducer. PlothvBmocraDli 

i 5 

- X 



X 

1 X ij 

X 

E 1 

a 

X 

4 X 

Jliflsh Can 

J X 






L 

; .... 



Valves 


X 

■ 


X 

], m X 

X 

X 

\ 

_ X 

" X 

Voltmeter 

; LL_ 

UL_ 


■l- x 

J — ^ — 


LET 


X 

J ^ 
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TYPICAL SPACELAB EXPERIMENT REQUIREMENTS 
Prepared by NASA Ames Research Center 
July 1975 

BASELINE MINILAB PACKAGE FOR HUMAN VESTIBULAR EXPERIMENTS 

OTOLITH FUNCTION EXPERIMENTS 

I* Vestibulo-Spinal Reflex — Examination of otolith-originating reflex during OG 
habituation by measuring EMG response in gastrocnemios muscle resulting from 
unexpected acceleration in head to foot detection. 

II., Linear Acceleration Threshold — Examination of sensitivity changes in otolith 
input channels during habituation to OG. 

HI. H-Reflex — Examination of otolith modulation of motoneuron excitability during 
habituation to OG and in response to sinusoidal head to foot acceleration. 

VISUAL/VESTIBULAR EXPERIMENTS 

IV. Visual Accommodation — Determine status of otolith system by monitoring changes 
in visual accommodation during habituation to OG (otolith-accommodation reflex). 

V. Tilt Illusion — Examine effects of habituation to OG on illusions of tilt produced 
by random pattern rotating in frontal plane (illusion normally constrained by IG 
otolith input). 

VI. Linear Vection Threshold — Examine sensitivity to illusion of linear acceleration 
in X, Y, and Z directions produced by moving visual stimulation of peripheral 
visual fields during OG, 




BASELINE MINILAB PACKAGE FOR HUMAN VESTIE 



> 

I 

■L 

» 


Function 

leu Otolith Stimulation — Linear Acceleration in X 

lb. Otolith Stimulation — Linear Acceleration in Y 

lc. Otolith Stimulation — Linear Acceleration in Z 
2a. Visual Stimulation — Axially Rotating Display 

2b. Visual Stimulation — Peripheral Linearly Moving Display 
3. H -Reflex Stimulation 

4a. Response Measurement — Visual Accommodation 
4b. Response Measurement — EMG 
4c. Response Measurement - Subjective 


5. Data Handling 

6 . 


7 . 


Experiment Sequencing and Control 
Space Sickness Episode Documentation 


Linear Vection 
Threshold 



GT-V 
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3 0 3 
N Kj X 


B 

o 

3 


Display 


X X 

A. Linear acceleration sled its per ERNO 

X 

B. Linear acceleration sled with choir 
tilted for acceleration head to foot 

X 

C. Large frontal display field with random 
p attorn rotating around subjects line of sight 

X 

D. Viewing box with random figure display 
moving in X, Y, or Z direction presented 
to peripheral visual fields 

E 

E. Electric stimulator (Grass S-4) 

X 

F. Surface stimul ating electrodes 

X 

G. Hartinger coincidence refractometer 

X 

H. EMG electrodes 

_ . x . 

I, Response lever ( analog signal) 

w 

J. Signal conditioners 

X 

K* Analog time recorder (76 nan. ) 

X 

L. Voice recorder 

X 

1 M* Log book 

X ’ 

N. Preliminary datu analysis logic 

X 

O. Chart recorder — 2 + Chian. 

X 

P. Digital result display 

X 

| Q. On-line control logic for stimuli 

X 

f R. Control logic for sequencing 

X 

S. Space sickness questionnaire 

X 

T. Fixed chair with bite board (may bo 
linear acceleration chair In fixed model 

X 

U. Helmet with blindfold and/or trl-axlol 
accelerometers 


fi 

& 

1 
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BASELINE -MINILAB PACKAGE FOR HUMAN VESTIBULAR EXPERIMENTS 


MINIMAL EXPERIMENT PACKAGE FOR A RESTRAINED PRIMATE 



Analog Recording 

X 

X 


X 

O 


X 

X 

X 

Food & Water Intake 


X 

X 


X 

X 



o 

Urine Sample 



X 

o 

X 

X 

X 


o 


Urine Volume 

EKG 

EOG 

Mass Spectrometer 
Fecal Collection 
Body Temperature 
EEG 

Blood Samples 
LBNP 

Biotelemetry 

X-Ray, T.V. , and Digital Recorders 
'’Minimum 1 ’ Exposure - 2 Days 

5 Days 
10 Days 
20 Days 
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CARDIOVASCULAR 



A- 22 



CARDIOVASCULAR 




Functions 


Blood Pressure 
Monkey Pod and ECS 
Analog Recording 
Food and Water Intake 
Urine Sampling 
Urine Volume 


/»#/// 

/$/ $/■£/& / 4 / */ £/ 


X X 


Mass Spectrometry 
Fecal Collection 
Body Temperature 


Blood Samples 
LBNP 

Biotelemetry 
X-Ray/T. V. Digital 
Cardiac Output 





MINIMAL EXPERIMENT PACKAGE CONCEPT FOR SMALL ANIMAL RESEARCH 



Animal Cage 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

ECS 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Urine Elimination 


X 


X 

X 


X 


X 

X 





Urine Collection 

X 


X 





X 



X 

X 



Fecal Elimination 


X 


X 

X 


X 


X 

X 





Fecal Collection 

X 

X 






X 



X 

X 



Urine -Fecal Separation 

X 


X 









X 



Volume /Amt. Measurement 

X 


X 





X 



X 

X 



Food & Water Intake 

X 


X 

X 







X 

X 

X 


Respiration Collection 



X 








X 

X 



Urine/Fecal Preservation 

X 


X 





X 



X 

X 



Drug or Microbe Injection 


X 



X 






X 



X 

Radioisotope Present 

X 



X 







X 

? 



Radioisotope Counting 




X 







X 

? 



T.V, Monitor 



X 



X 






X 

X 

X 

Body Temperature 











? 

X 

X 


Biotelemetry 


t 









? 

X 

X 

X 

Photography 

X 

X 

X 



X 




X 


? 

X 

X 

Mass Determination 

X 

X 

X 



? 


X 

X 

X 

X 

X 

X 

X 

Activity 

o 


0 






o 

o 

o 

X 

X 

X 

Analog Recording 

X 


o 

X 




X 

0 

o 

X 

X 

X 

X 

Control Centrifugation 

o 


0 

0 

o 

o 


0 

o 

0 

o 

o 

X 

o 
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MINIMAL EXPERIMENT PACKAGE CONCEPT FOR SMALL ANIMAL RESEARCH 


Typical Spacelab Experiments 


X — Required 
Q— Desirable 


/£/ 

'&/»/ 


Function 

i 


1. Animal Holding & ECS 

2. Food & Water Intake 

3. Biological Samples 

4. Remote Monitoring 

5. Surgery 

6. Sample Processing 
6a. Chemical 
6b. Histological 

6c. Microbiol, /Culture 
6d. 'Fixing " (Freezer, 
Chem. , Fixative) 

7. Radioisotope Drug Study 

8. Control Animal 

Centrifugation 

9. "Minimum "Effective 

Exposure- 7da 
I4da 
30da 




X X X X X 
X X X X X 


X XXXXXXX 
X XXX 

X XXXXXXX 
o O O XXX 
X X X X X ? X 

XX X ? o 

X X X X X ox 

X XXXXXXX 

X ? X 

o o o o o o o 


X X X X X X 
X X X X XXX 
X 















MINIMAL EXPERIMENT PACKAGE CONCEPT 
FOR SMALL ANIMAL RESEARCH CONCEPT 



X — Required 
0 — Desirable 

Biological Samples 


Respiration Samples 




X 







X 




Urine Sample 

X 


X 





X 



X 

X 



Fecal Sample 

X 


X 





X 



X 

X 



Freezer Preservation 

X 







X 



X 

X 



Chemical Preservation 



X 





X 







Blood Sample 



X 


X 



X 



? 

? 



Centrifugation 



X 


X 



X 



? 

9 



Refrig/Freezer 



X 





X 



? 

? 



Tissue Samples (Surgery) 

X 

X 

X 



X 

X 

X 

X 

X 

X 

? 

X 

X 

Fixation 


X 

X 




X 

X 

X 

X 

X 

? 

X 

X 

Sectioning 


X 

X 




X 

X 

X 

X 

X 


X 

X 

Embedding 


X 

X 




X 


X 

X 

X 


X 

X 

Histology 


X 

X 


X 


X 


X 

X 

X 


X 

X 

Homogenization 

o 


X 





x 

X 


X 

? 


X 

Chemical Determination 

o 


X 





X 

X 


X 



X 

Refrig-Freezer 

X 

X 

X 





X 

X 


X 

X 


X 

Microbiol. Culture 




X 











Tissue Culture 




X 











Mass Determination 

X 

X 

X 




X 

X 

X 

X 

X 

X 

X 

X 

X-Ray or Bone Densitometry 

X 

X 













Electron Microscope 


o 

0 




o 

0 

o 

0 

0 


o 

o 

Photography 


X 



o 

X 

X 

X 


X 

X 

? 

X 

X 

Isotope Counting 

o 


X 

X 

X 






X 




Mass Spectrometer 

? 










X 

X 



Spectroscopy 

o 


X 





X 



X 

x_ 
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life Sciences Research Requirements 


•■-’i 

i 


/ 

The following tables .represent a condensation of information given In the input data 
relative to establishing the research requirements for a life sciences space program. 

The tables are organized into the four main categories; Biomedicine, Biology, life 
Support/Protective Systems and Man Systems integration. These are further sub- 
divided into functional areas and specific research topics. Specific research functions 
and/or measurements are described. Finally, descriptive data used to establish the 
priority determinations, in most cases excerpted from the data sources, are presented. 

The superscript numeral following each entry refers to a citation given in the following 
table of references. 

1. Scientific Uses of the Space Shuttle, National Academy of Sciences, Space 
Science Board, National Research Council, Washington, D. C. , 1974. 

31 - p. 173, 46 - p. 158, 47 - p. 158, 48 - p. 158, 49 - p. 168. 

2. Physiology in the Space Environment; Volume I - Circulation, National 
Academy of Sciences, Space Science Board, National Research Council, 

Washington, D. C. , 1968. 

10 - p. 7. 

3. EZE - Particle Effects in Manned Spaceflight, National Academy of Sciences, 

Space Science Board, National Research Council, Washington, D. C. , 1973. 

37 - p. 7. 

4. Aviation, Space and Environmental Medicine, April 1975. 

36 - p. 466. 

5. Sky lab Medical Experiments Altitude Test (SMEAT), NASA TMX-58115, NASA- 
Johnson Space Center, Houston, Texas, October 1973. 

35 - "Foreword”. 

6. The Proceedings of the Sky lab Life Sciences Symposium, August 27-29, 1974, 

Vols. I&R, NASA TMX-58154, JSC-09275, NASA-Johnson Space Center, 

Houston, Texas, November 1974. 

2 - p. 592, 3 - p. 629, 4 - p. 804, 5 - p. 26, 6 - p. 68, 7 - p. 403, 8 - p. 545, 

9 - p. 619, 11 -p. 813, 12-p. 841, 13 -p. 370, 14 -p. 854, 15 -p. 813, 16 -p. 841, 

17 - p. 802, 18 - p. 856, 19 - p. 634, 20 - p. 637, 21 - p. 436, 22 - p. 387, 

23 - p. 450, 24 - p. 347, 25 - p. 66, 26 - p. 126, 27 - p. 855, 28 - p. 812, 

29 - p. 495, 30 - p. 541, 32 - p. 853, 33 - p. 341, 34 - p. 339, 39 - p. 18 

40 - p. 430, 41 - p. 430, 42 - p. 139, 43 - p. 141. 
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7. Infectious Disease in Manned Spaceflight - Probabilities and Countermeasures, 
National Academy of Sciences, Space Science Board, National Research Council, 
Washington, D. C., 1970. 

44 - p. 7, 45 - p. 8. 


8. The Biosatellite: Results of the Experiment, NASA-TT-F-15863, Technical 
Translation of Article in Pravda, No. 60, 1 March 1974, NASA, Washington, 
D. C. , July 1974. 

50 - p. 5. 
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LIFE SCIENCES SPACE RESEARCH REQUIREMENT 


FUNCTIONS/MEASUREMENTS 

RESEARCH DISCIPLINE I REQUIRED I PRIORITY DETERMINANTS 

BIOMEDICINE 1 f 


Cardiovascular System 


Altered vascular Bow, Pulmonary capillary blood volume 
volume Si pressure rela- Pulmonary capillary blood flow 
tioeishlpe In zero-gravity. Venous capacitance 
Venous compliance 
Arterial flow in limbs 
Body fluid component volumes 

- total body water volume 

- extracellular volume 

- plasma volume 
Renal blood flow 


> 

I 

to 


Demonstrate presence 
or absence of G&uer- 
Henry -Reflex. 


In tra thoracic blood volume 

ADH 

Renin 

.Anglo lens in 
Aldosterone 
Catecholamines 
Water excretion 
Sodium excretion 
Plasma volume 


Cardiovascular regula- 
tory responses to 
exercise In zero gravr; , 
(Man) 


E 1 ec trocar di og ram/vc c to r- 
cardlognim 

- pulse rau: -wid rhythm 

- cardiac axis 
Echocardiogram 

- stroke volume 

- card J ac output 

“ cardiac compliance 
Systolic blood pressure 
Diastolic blood pressure 
-pulse pressure 

- mean arterial pressure 
Calibrated exercise level * 


■!pace flight furnishes an environmoU for cardiovascular study which can be produced in no other way. It Is difficult to imagine 
that fn creased understanding of cardiovascular function and control mechanisms* as they are altered in weightlessness, will 
not in the future become relevant to the cardiovascular problems that face us on earth,* 

Skylab studies have clearly shown that changes in fluid volume distribution during the first few hours of flight creates profound 
alterations in cardiovascular functions which In tum^ impair orthostatic mechanisms to a marked degree as early as four or 
five days after entering the weightless environment 

It should be noted In all crewmen there was an increase In compliance that required 10 days or more to reach a maximum. 3 


The Gauer -Henry reflex has yet to be demonstrated. This will not be easy to demonstrate in man, since the critical time- 
period to be Investigated is thought to coincide with the early operationally exacting first day of the mission-* 

The first two to three days of each mission were spent in the activation of the orbital workshop, 5 


The increased quantity and quality of exercise available to the crew was important in maintaining crew health of Skylab -4 . 


6 


Future research efforts should focus on optimum methods of exercise with respect to crew- time and crew acceptance, inter- 
relationship of musculoskeletal fitness with cardiovascular fitness, and design of practical, efficient, total body exercisers. 7 


j 

! 

t 

i 


> 


£ 


V- 
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LIFE SCIENCES SPACE RESEARCH REQUIREMENT: 


RESEARCH DISCIPLINE 
BIOMEDICINE 

Cardiovascular System 
(Coni' d) 

Invasive studies on 
non -human primates. 

- Altered vascular (low 
volume and pressure 
relationship In zero- 
gravity 


- Demonstrate absence 
or presence of myo- 
cardial degeneration 
resulting from zero-g 
exposure 

Pulmonary System 

Altered pulmaiary 
volume /flow relation- 
ships in zero-g 


FUNCTIONS/MEASUREMENTS 
REQUIRED 


PRIORITY DETERMINANTS 


Intracranial pressure 
Brain blood Bow 
Intracardiac catheterization 
Coronary flow 
Animal maintenance 
Animal restraints 
Electrocardiogram/ 
vectorcardiogram 

Histological preparation (post- 
mission) 


Changed relaf vi^hips in the anatomical distribution of blood volume and extra vascular fluids, altered patterns of blood flow, and 
reduced total v. ■ culating blood volume induced by the weightless environment are offered as partial explanations for the changes 
in cardiovascular responses to lower body negative pressure. ® 

These finding." have, in a predictable fashion, opened new questions which will direct future ground-based and in flight researches - 
particularly Ln the area of cardiovascular electro-hemodynamic studies for the Shuttle era.^ 


The effects of gravity are so profound in altering the distribution of blood and gas within the lungs that many problems ln basic 
pulmonary' physiology can be studied more effectively under weightlessness than in a normal gravitational Held, One of the divi- 
dends of space flight will be the opportunity to carry out experiments on the lungs that are impossible on Earth. 10 

No untoward physiological responses have been noted that would preclude longer duration space flights, but more research is 
required in order to understand the mechanisms Involved in the observed responses. 11 

MMRF Maximum midexpiratory 
flow rate 

TLC Total lung capacity 

RV Residual volume 

Pulmonary capillary blood volume 
Pulmonary capillary blood flow' 


v r C 

Vital capacity 

FVC 

Forced vital capacity 

FEV-X 

Forced expiratory 


volume - one second 

CV 

Closing volume 

MEFR 

Maximum expiratory 


l" 
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LIFE SCIENCES SPACE RESEARCH REQUIREMENT 


RESEARCH DISCIPLINE 
BIOMEDICINE 

Musculoskeletal System 

Derangement basis and 
eountermeasures In 
zero-gravity 

- exercise effect upon 
musculoskeletal 
derangement 


- diet and pharma- 
cological control of 
musculoskeletal 

derangement 


FUNCTIONS/ MEASUREMENTS 
REQUIRED 


PRIORITY DETERMINANTS 


Calibrated exercise level 

0 2 consumption 

COo protection 

M 4 “ -e volume 

Bouv temperature 

ECG/VCC 

Systolic blood pressure 
Diastolic blood pressure 
Muscle strength 
Muscle mass 
Muscle reflexes 
Muscle potential 
•Bone mineral measurement 
*Qne^g readaptation time 
Anthropometric measurements 

’Post-mission 

Food/fluid input records 
Continuous 24-hr urine collection 
Total fecal collection 
Vo minis collection 
Storage of urine, feces, vomtws 
for analysis of: 

- urine fecal calcium 

- ” *' phosphate 

nitrogen 
+ ' magnesium 

- ** " potassium 

- " T ' sodium 

- urine-hydroxyprollne 

- anthropometric measurements 
premedic3tioQ 

Plasma thyroxin level 


. . .bone lose definitely occurs under zero-g conditions. It fs certain that this loss continues for a t least sixty days, and il Is 
almost certain that it continues for as long as 84 days. There has been no evidence that this phenomenal shows the type of adapta- 
tion to zero-g which has been exhibited in the other systems which have bom the subject of this symposium. 12 

Finally, these observations may have significance for Earth medicine, fn reminding us of the deleterious effects of disuse cn bone 
mass, they reemphasize the importance of direct physical longitudinal stress (weight bearing) to the integrity of bcce. In research 
on osteoporosis, greater attention than heretofore might be given to this factor for the possible value of increased weight-bearing 
stress as a deterrent to or even as aid to c-orreciicn of this extremely prevalent bone disorder. 1 ^ 

It would seem advisable in any case to search for means by which an astronaut fa space might not only main tain his leg muscle 
mass, but also exercise his postural equilibrium systems. ^ 


Daily in-flight personal exercise regimens coupled with appropriate dietary intake and programed adequate sleep, work and 
recreation periods essential for maintaining crew health and well-being. ^ 

... the continued high values for urfae calcium through the entire length of the Skylab 4 study gives us no reason to believe that 
any kind of adaptation occurred during the 84 days of that mission. ^ 


LIFE SCIENCES SPACE RESEARCH REQUIREMENT 


HJNCTIONS/MEASUREMENTS 

RESEARCH DISCIPLINE 1 REQUIRED I PRIORITY DETERMINANTS 

BIOMEDICINE I 


Musculoskeletal System 
(Coat'd) 

Invasive studies on 
animals 


absolute catabolic 
effects of zero-g on 
the musculoskeletal 
system 


Restrained experimental animals 
Unrestrained control animals 
Animal maintenance 
Physio logi cal monitoring 
(implanted) 

Food/ fluid intake measurements 
Urine L fecal collection & storage 
Blood sample collection & storage 
Histological preparations of; 

- muscle tissue 

- bone 

- bone marrow 


Basis and Cantrol of 
Biochemical Reactions 
to Stresses In Space 
Environment 

Fltifd & electrolyte 
balance 

Calcium regulation 
Adraial function 
Food utilization 


Time related record of crew nu- 
trition and exposure to stress and 
exercise. 

Radionuclide body compartment 
studies: 

- total body water 

- extracellular volume 

- plasma volume 

Obtain fractionated urine samples 
and plasma and serum samples 
for on-board and/or delayed 
analysis. 


Clearly* man is not vegetating in space, but is actually doing his utmost to maintain a high level of physical fitness and per- 
formance. Thus ae absolute detrimental effects of null gravity will. In most cases, have to be determined in st&human 
surrogates- 17 


However, taking overview of the program as a whole* two outstanding features have emerged. First* Man can adapt to* and 
live in* the zero-gravity space environment for cx ten (fed periods oF time. But second, and therefore above all* none of the 
measured changes so far seen In missions ex tiding up to 84 days have proved irreversible after return to Earth. 18 

Venous compliance changes were demonstrated which, with blood volume changes, should provide an Initial and primary point of 
departure for Investigation of the complete response to lower body negative pressure. Time course of the compliance changes 
should be considered by mission planners. Shuttle reentry* for example* will fall within the zone of Increased smeltlvity to 
orthostatic stress.^ 5 

By the time of the earliest In -flight measurement on mission day 3, all crewmen had lost more than two liters of e>rtravascular 
fluid from tte calf and thigh. The puffy faces, the "bird legs" effect, the aigorgemont of upper body veins* and the reduced 
volume oC lower body veins were all documented with photographs. 2 ^ 
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LIFE SCIENCES SPACE RESEARCH REQUIREMENT 


RESEARCH DISCIPLINE 
BIOMEDICINE 

Basis and Control of 
Biochemical Reactions 
to Stresses in Space 
Environment (Coctt’d) 


FUNCTIONS/ MEASUREMENTS 
REQUIRED 


PRIORITY DETERMINANTS 


Urine Analyses : Significant increases in urinary anti diuretic hormone occurred early in-flight in all men. Due to inability to refrigerate the urine 

Volume sample obtained on the first day In -flight, ii could net be analyzed for this hormone. 21 

Sodium 

Potassium Urine analyses from Sky lab missions. 

Chloride 

Osmolality 

Calcium 

Pho sphate - 1 PO^ ) 

Magnesium 

Creatinine 

Anti diuretic hormone 
Aldosterone 
Cortisol 
Epinephrine 
Norepinephrine 

Total 1Y-Hj'draxycort3costeroids 
Total 17-Ketosteroids 
Uric Add 
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LIFE SCIENCES SPACE RESEARCH REQUIREMESTT 


functions/measurements 

RESEARCH DISCIPLINE \ REQUIRED PRIORTTV DETERMINANTS 

BIOMEDICINE 


Basis and Control of 
Biochemical Reactions 
to Stresses In Space 
Environment (CoptM) 


Plasma & Serum Analyses : 
Sodium* 

Potassium* 

Calcium* 

Magnesium 

Chloride* 

Pharphorus* 

Osmolality* 

Carbon dioxide 
C holes tfiral 
Triglycerides 

A drenocorli co trophic hormone* 
Cortisol* 

Angiotensin I* 

Aldosterone* 

Insulin* 

Blood urea nitrogen 
Uric ac J d 
Creatinine* 

Total protein 
Alkaline phosphatase 
Serum glutamic oxaloacetic 
transaminase (aspartate 
aminotransferase ) 

Creatine phosphokinase 
Lactic dehydrogenase 
Glucose* 

Total bilirubin 
Growth hormone 
Thyroxine 

Thyroid stimulating hormone 

Testosterone 

Parathormone* 

COcftonln 
Vitamin D 


It Is concluded that mineral losses do occur from the banes of the lower extremities during missions of up to 84 days and that fn 
general , they follow the loss patterns of the bedreEted situation. The levels oFIaps observed in the Skylab crews have been of no 
clinical concern but it was fortuitous that all of the Skylab 4 crew men had high prediction terms. 

41 

Plasma analyses from Skylab missions. 


The in-flight decreases observed in both glucose and Insulin have also been observed In bedrest, although It did not become 
significant until 5G days in bedrest, while the decrease became significant at 38 day's In space. 23 


'Determined during flight 
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LIFE SCIENCES SPACE RESEARCH REQUIREMENT 


FUNCTIONS/MEASUREM FVT« 

RESEARCH DISCIPLINE REQUIRED PRIORITY DETERMINANTS 

BIOMEDICINE 


Vestibular System 

Study the mechanical and 
neural responses of the 
otolith organs to stimuli 
In the space environment, 


Investigate role of visual 
cues in space nausea. 


> 

I Pharmacological pre- 

^ veation and treatment 

of space nausea. 


Apply calibrated stimulus to 
otoliths? 

- linear a cede ration 

- angular acceleration 
Record ocular reflex motions 
Measure ocular muscle potentials 

Repeat Skylab M131 experiment 
with eyes open. 

Relate crew/spacelab orienta- 
tion to signs and symptoms of 
spatial disorientation. 


It appears that a relatively modest amount of crew time may have been lost due to motion sickness on Skylab missions 3 and 4 
but that each crew's performance was never substantially Impaired for more than one day. 24 

In Scylab 4 the Scientist Pilot did not expert oice motion slctaess. The Commander had minima! malaise for three days. The 
Pilot had significant nausea with vomiting Tor one day and tiwxi malaise for two more days. 25 

Under operational conditions seven of the nine crewmen experienced motion sickness, five of the seven while in orbit. The ad- 
ministration of anti motion sickness drugs made It difficult or impossible accurately to determine the level of susceptibility at all 
times. The Scylab 2 crewmen did not experience clear-cut symptoms aloft and only the Scientist Pilot experienced seasickness; 
indeed, the Commander and Pilot did not take drugs, yet remained symptom free throughout the mission. Among the Skylab 3 

crew the Pilot experienced motion sickness shortly after transition into orbit, ll» earliest diagnosis on record. The two remain- 
ing crmvmtai first experienced motion sickness shortly after altering the workshop. For a period of three days symptoms were 
controlled by drugs and by restricting activity. Recovery was complete hy mission day sevoi. The Skylab 4 crewmen were 
scheduled to take antimotion sickness medication but only the Scientist Pilot avoided symptoms. 2 ® 


Relate pharmacological adminis- 
tration to signs and symptoms of 
apace nausea. 


First, with the background supplied by M-131, advisably carried out hi Skylab without vision, it would be of great Interest to 
employ the same methodology to further explore the role of vision. ^ 


Role of altered body 
Quid volume, pressure 
and distribution to 
space nausea. 


Invasive studies on 
animals. 

Study mechanical and 
neural responses of the 
vestibular system to 
stimuli in the space 
environment 


Body fluid compartment volumes • 

- total body water 

- extracellular volume 

- plasma volume 
Venous capacitance 
Systolic blood pressure 
Diastolic blood pressure 
Anthropometric measurements 
Time-related signs and 
symptoms of space nausea. 

Animal subject with Implanted Among these findings, the occurrence or motion (space) sickness symptoms during the first few days of space flight is of paramount 

sensors and stimulation devices. operational importance for the forthcoming Shuttle flights. 2 ® 

Apply calibrated stimulus to 
vestibular organs: 

- linear acceleration 

- angular acceleration 

- electrical stimulation 

- pressure stimulation 

Record ocular reflexes, lighting re- 
flexes & muscle potentials* Record 
signs & symptoms of space nausea. 
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LIFE SCIENCES SPACE RESEARCH REQUIREMENT 


FUNCTIONS/ MEASUREMENTS 

_ RESEARCH DISCIPLINE j REQUIRED PRI ORITY D ETE RMINANT S 

BIOMEDICINE 


Hematology 

Man 


Invasive studies on 
animals 


Collect, prepare ft preserve 
blood samples 

Measure red blood cell mass 
Obtain reticulocyte counts 
Measure blood 0 2 tension 
Measure blood granulocytic 
response to inflammatory 
stimuli 


Analyses of data from the red cell mass determinations indicate that the red cell mass drops occurred in the first 30 days of 
flight and that a gradual recovery of the red cell mass deficits began approximately 00 days aft'r launch- 29 

The loss of circulating red cells was also maximal at 20 to 40 days and decreased after that time. However, the recovery of rod 
cell maps was independent of weightlessness or normal gravity after the initial fnsulu 30 


Collect, prepare, & preserve 
blood samples 

Measure red blood cell mass 
Obtain reticulocyte counts 
Perform bone marrow biopsies 
Measure total blood volume 
Measure blood tension 
Provide animal maintenance 
Provide animal physiological 
monitoring 

Provide erythropoietic atfmulust 

- acute blood loss 

- tissue hypoxia 
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LIFE SCIENCES SPACE RESEARCH REQUIREMENT 


FUNCTIONS/MEASUREMENTS 



Effects of space 
environment upon host 
defense mechanisms 

_ Man Alteration in normal bacterial These data show that, while gross contamination of the Skylab environment was demonstrated and there were several tn-QJgbt 

micro flora: disease events (presumably of microbial origin), such events were not shown to be limiting bastards far long-term space flight. 42 

- nasal sampling 

- skin sampling The question of in-flight autoinfecticn remains unanswered because none of the in-flight disease events were evaluated 

- air sampling microbiologically/ 13 

- s pace lab surface swabs 
Microbial mutation 


- Animals 


Experimentally Induced Infection Examination of the effects of the spaceflight environment on latent and slow virus inflection 5 experimentally Induced In animals. 44 

tnon-patbogenic strain for man) 

Maintenance of animals Studies, both animal and human » of the effects of isolation on susceptibility to infection* particularly as related to the re-entry 

Microbial mutation problem and microbial shock. 45 

Measure specific immune response: 

- macrophage activity 

- lymphocytic response 

- thymus gland response 

- Immune globulin synthesis 

Blood sample collection and 

preservation 

Incubate microbial cultures 
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LIFE SCIENCES SPACE RESEARCH REQUIREMENT 


FUNCTIONS/MEASUREMENTS 

RESEARCH DISCIPLINE t REQUIRED 

BIOMEDICINE 

Crw Perform ance Conduct time and motion studies 

in Space on a non-interference basis with 

scheduled, repetitive mission 
or training tasks and observe 
and record: 

- work space layout and lighting 

- crow restraints 

- equipmtnt operation task 
efficiency 

- experimental task efficiency 

- task related movements of 
the subject 

- interpersonal reactions 
Time relate performance 
measures with dally activity 
schedules, sleep patterns, en- 
vironmental conditions and 
biomedical measure moits 

Effects of Training Upon Correlate crew performance 

Space Crew Efficiency efficiency measuremsits in 

Space lab missions with per- 
formance effl deucy measured 
on the same task(fi) when con- 
ducted previously In ground- 
based simulators or Spneelab 
flight training activities* 


PRIORITY DETERMINANTS 


A second feature bearing directly on the Shuttle program is the protracted period of space sickness malaise and loss of appetite 
encountered by a sizeable proportion of Sky lab astronauts. Bearing in mind the short duration of the average Shuttle mission, it 
seems inevitable that effectively novice personnel engaged In research or other activities; will be penalised by reducing work po- 
tential unless some form of successful preconditioning regimen is discovered. 32 


It was found that on only two of the total of nine full or partial activation days was the crew work output significantly reduced. On 
the day of lowest efficiency, mission day 2 of the Scylab 3 mission, it appears that the crewmen were working at approximately 
75 percent of their "normal” efficiency and may have lost approximately 7 man-hours of work. Overall, a nearly constant level 
of work was achieved cm these activation days. However, as crew proflclmcy improved later In the missions, the daily crew work 
output In these same categories increased from approximately a 26 tnan-hour/day to at least a 34 man-hour/ day. 33 

, 34 

Behavioral performance continued to Improve from beginning to aid of all Skylab missions. 


The Sky Lab Medical Experiments Altitude Test f SWEAT) was an integral part of the Sky lab Program- SMEAT served both to gather 
vital baseline biomedical data and to resolve many of the equipment and procedural problems which otherwise might have impaired 

Skyiab. 35 
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FUNCTIONS/ MEASUREMENTS 
REQUIRED 


LIFE SCIENCES SPACE RESEARCH REQUIREMENT 


RESEARCH DISCIPLINE 
BIOLOGY 


PRIORITY DETERMINANTS 


Cellular fc Molecular 
Biology 

Doisity dependent 
growth and development 
processes 


Genetic alterations 
in zero-g 


Higher jfertgbrate 
Hology (non-human 
primates) 


Lower Vertebrate 
rtology t rats, guinea 
pigs, froggj 

-Basic mechanisms of 
physiological adapta- 
tion, growth, de- 
velopment and repro- 
duction in zero g. 


Cell turnover times 
Wound repair rates 
Cellular movement 
Intracellular movement 
Membrane electrolyte transport 
Maintain tissue cultures 

- bona marrow 

- intestinal epithelium 

- embryonic tissues 

Cell division 
Mitotic abnormalities 
Chromosome aberrations 
Histological ^reparations 
Specimen preservation 
Monitor environment 

Described under biomedical 
requirements- 

Maintenance of instrumented 
animals 

.Animal restraints 
Metabolic maiitoring 

- food /flu Id intake 

- urine, feces, blood collection Changes In activity of enzymes in heart, skeletal muscle, oadocrine glands, and changes in bone marrow bematopoieses have been 

- circadian cycles demonstrated In rats exposed to 22 days of zero g. 

Physiological monitoring 

- cardiorespiratory 

- vestibular adaptation to cali- 
brated stimulation 

- behaxioi ;jattems 
Histological preparations 

- bone marrow crythropofeses 

- wound healing 

- genetic changes 


Enables invasive studies and critical control of experimental jHrametere of basic importance to understanding of human responses 
to space stresses. 

The non-human primates, due to anatomical, physiological, and biochemical characteristics of man, can provide research data 
transferable to man. 

30-day exTXJsurcp oT small mammals to zero-g effects should provide Important information regarding basic factors which also affect 
man. 


While certain of the projected experiments in the life sciences can be accomplished within the span of 7-day missions, others, such 
as those concerned with embryonic and fetal developmait, wound heating, and other aspects of cellular prolife ration (e.g. , marrow, 
skin, and gut), will require the full capability of the 30-day mission. 31 


s 


} 

i 
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LIFE SCIENCES SPACE RESEARCH REQUIREMENT 


RESEARCH DISCIPLINE 
BIOLOGY 

I*>wer Vertebrate 
Biology {rata, guinea 
pigs, Erogs) Cant'd 


Invertebrates {insects, 
spiders, nematodes) 

Basic mechanisms of 
physiological adapta- 
tion. growth, develop- 
ment & reproduction 
in zero g 


FUNCTIONS/MEASUREM ENTS 
REQUIRED 


PRIORITY DETERMINANTS 


Surgery, biopsy, autopsy Statistical numbers of experimental subjects can be maintained in space with tees weight, volume, and power penalties than 

- organ development encountered for large primates. 

- revere ible/fr reversible 
decondltiontog 

Radioisotope Injection 
Litter rearing 
Development stages 
Animal morphology 
Mass measurement 
Effects of fractional g 
Environmental monitoring 
-atmosphere ''coniarntmuns 

- acceleration 

- noise 

- radiation 


Specimen maintenance through Enable complete life cycle studies which could provide important basic understanding of effects of prolonged zero g exposures 

entire life cycles on genetic, growth, development and reproduction factors. 

Monitor behavior patterns 
Monitor activity cycles 
Monitor reproduction 
Monitor growth rate 
Monitor development stages 
Monitor morphology 
Histological preparations for: 

- organ development 

- genetic changes 

- structural changes 

Specimen Mug & preservation fon 

- chemical changes 
Environmental monitoring 

- atmosphere/contaminants 

- airborne particulates 

- tempo rature/bumidlty 
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LIFE SCIENCES SPACE RESEARCH REQUIREMENT 


RESEARCH DISCIPLINE I 
BIOLOGY 

Invertebrates (Insects, 
spiders, nematodes, 
cccUd) 


FUNCTIONS/MEASUREMENTS 
REQUIRED 


Environmmtal monitoring (corn'd) 

- noise 

- acceleration 

- radiation 


PRIORITY DETERMINANTS 


Plant Biology 

Basic mechanisms of 
growth, developing, 
and reproduction in 
zero g 


Specimen maintenance through 
several entire life cycles* 

Monitor: 

- geotropism 
“ growth rale 

- morphology 

- photos jn the tic activity 

- circadian cycles 

- productivity 

- life cycles 

Histological preparations for: 

- genetic ohanges 

- cellular replication 

- structural changes 

Specimtai Curing fir preservation for: 

- enzyme activity 

- chemical changes 
Mass measurement 
Effects of fractional g 
Environmental monitoring: 

- atmosphere 

- temperature 
* acceleration 

- radiation 


Equal at ten a on should be directed toward growth and development of plant cells in 0 g For example, does the absence of gravity 
influence the morphogenesis of plant cells and affect chromosome replication to alter the mechanism of cell division? 46 

- - - the obvious question, derived from extrapolation of the possible effects of weightlessness on chromosome replications, is 
whether plants can grow* and develop normally in long-duratio 1 spaceflight. For example, can a microalgae population continue 
in a normal fashion after several generations at 0 g? Such information would be essential if one were to propose plant systems 
as secondary life-support systems in long-duration spaceflights* 

Long-duration growth and development experiments might also provide important evidence for the possible evolutionary 
mechanisms of terrestrial plants* 40 

Thus, among the fungi raised under conditions of weight! eem ess there was much poorer development of tbe suppor tin g tissues, 
while the pedicel supporting the spore was much thicker and in area the fungus exceeds that af the "'terrestrial variety*. 50 
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LIFE SCIENCES SPACE RESEARCH REQUIREMENT 


RESEARCH DISCIPLINE 

s functions/measurements 

REQUIRED 1 

PRIORITY DETERMINANTS 

BIOLOGY 

1 1 


Radiobiology 


. ..me of the most neglected problems In biology — the vulnerability of themammali&n tissues to cosmJe ray particles. 


36 


Biological effects af HZE particle detector 

HZE particle Maintenance of; 

irradiation - small animals 

- plants 

- tissue cultures 
(described under vertebrates, 
invertebrates fc plant biology) 
Histological preparations for; 

- genetic changes 

- structural changes 

- organ development 
Environmental monitoring; 

- atmosphere 

- radiation 

- temperature/humidiry 

- acceleration 


Enables study of molecular basis of zero-g effects upon cell division. 


Missions in low-inclination f -30") near-earth orbits do not present an HZE-particle hazard. Therefore, the urgency of 
securing the needed data depends on the schedule for long -duration f*2 year) flights outside the earth's magnetosphere or 
tn earth orbits inclined more than about 30* to the equator. 57 

Ground-based studies with accelerator-produced heavy ions are thus the first requirement. NASA has the operational problem 
of assessing the potential hazard of HZE particles to man during long-duration space missions and should therefore take full 
advantage of the ground-based facilities that are becoming available. Flight studies can then be designed for proof-of- principle. 

AU Shuttle flights should contain dosimetric devices and materials positioned to accumulate data on the flux and energy of the 
several radiations in space and the shielding effect of spacecraft components on their intensity and scattering. ^ 
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LIFE SCIENCES .SPACE RESEARCH REQUIREMENT 


RESEARCH DISCIPLINE 

LIFE SUPPORT & 
PROTECTIVE SYSTEMS 

Life Support Hardware 
Testing to Zero G 
o.g. , Condensers 

Vapor Cycle Units 
Sterilize rs 
CO^ Reduction 
Blopocks 
Pres pare Suits 


Effects of Space Inertial 
Forces cn Gravity 
Sqisitive Pro ceases 

• Mixed Phase Fluid Flow 

• Liquid/Gaj; /Solid Phase 

Separation and/or 
Mixing Characteristics 

• Heat Transfer 

Characteristics 


MAN-SYSTEM 

INTEGRATION 

Man -Machine Tasting of 
Advanced Designs 


FUNCTIONS/MEASUREMENTS 
REQUIRED 


PRIORITY DETERMINANTS 


Analyze gas mixtures 
Fluid sample transfer 
Vacuum supply manage meat 
Fluid Eupply management 
Electrical power measurcmaits 
Coolant supply managemoit 
Low temperature specimen 
storage 

IsolaUcr. of process loops 
Erom cabin atmosphere 
Pressure suit testing 


Determine the feasibility of using vapor compression refrigeration systems in the space eminmment. 

Dcvclop advanced LSS hardware for water reclamation, waste management, atmospheric conditioning and purification, oxygen 
regeneration, feeding, and personal hygiene. 

Develop pressure suits and biopacks for more efficient EVA activity* 

Develop efficient air sterilization methods. 


Measure: 

- Quid temperature 

- Quid pressure 

- fluid flow 

- fluid quality 

- fluid energy rates 

- color motion pictures of 
phase mixing 

- g level 


Determine gravity influences on flow regimes and flow regimes influences on pressure drop, thereby providing a basis for 
engineering optimization of fluid systems for space applications. 

Develop design parameters for minimum energy' separation over spectrum of tlquid/gas ratios from near zero to near infinity. 
Develop design parameters for minimum energy phase mixing. 

Determine single phase and phase change heal transfer parameters. 


Provide crow inputs to oper- Skyiab medical experiment equipment functioned without problems throughout the throe flights. Medical data of high quality were 

ate, service and control obtained for all experiments. 39 

hardware test Hems tn zero g. 

Validate crew task time alto- Evaluation of tcleoperator systems C free-flying} in deploying, retrieving, fc servicing satellites remote from the shuttle, 

cations. 

Validate hardware performance 
tn zero g. 

Establish workspace/ restraint 
requirement. 
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RESEARCH CAPABILITY OF DEFINED PAYLOADS 


APPENDIX B 


RESEARCH CAPABILITY OF DEFINED PAYLOADS 


The research capability for each of the 16 candidate payloads defined in this study is 
shown in the following pages. There are two tables for each payload. The first indi- 
cates the main research requirements, the specific capability, and the major equip- 
ment used. The second, and immediately following table, is the total common 
equipment lis ting for the payload. The following table indicates the complement of 
payloads and their order. 

Type Designation 

Carry-On Col-2A 
Coi-3A 


Research Emphasis 

Biomedicine - Blood Sampling 
Biomedicine - Urine, Electrolytes 


Mini -Lab ML-1A (first 
S/L mission) 
ML-2A 
ML-3A 
ML-4A 
ML-5A 
ML-2B 
ML-2C 

ML-2D 


Biomedicine - OFO, Vestibular, Urine, Single 
Cell Studies 

Biomedicine/Biology - Small Vertebrates 
Biomedicine - Man 
Life Support/Protective Systems 
Man Systems Integration 
Biomedicine/Biology - Primates 
Biomedicine/Biology - Small Vertebrates/ 

Cells & Tissues 

Biology - Small Verts., Plants, C&T, Invertebrates 


Dedicated MOD IA 
MOD IIA 
MOD IIIA 
MOD HB 
MOD nc 
MOD HIB 


Biomedicine - Man, Vertebrates, Cells &, Tissues 

Biomedicine/Biology /A, 'v. Technology 

Biomedicine/Biology/Adv. Technology - Centrifuge 

Biology/Biomedicine 

Biology/Biomedicine 

Biology/Biomedicine - Centrifuge 


BLOOD SAMPLING CARRY-ON LAB 
COL-2A 


Research Requirements 


Specific Capabili 



Biomedicine 

Cardiovascular 

Gauer -Henry reflex 
Biochemical response to stress 


Obtain first-day on-orbit biochemical measure- 
ments defining enzyme/ endocrine concentrations 
relating to plasma volume regulation (ADH, 
aldosterone, renin, angiotensin). 


XXX 


Method — draw blood, prepare, freeze, 
return for ground analysis. 


Note: If simultaneous Mood and urine samples are required for correlative studies, this payload 
can be combined with COL-3A. However, 23 kg limit is exceeded. 


Freezer { 
Hematoloi 







PAYLOAD BL00D SAMPLING CARRY-ON 


COIr2A 



UNIT 
WEIGHT 
Q kg 


Centrifuge, Blood Sample Processor 

Freezer. Low Temp 

Kit, Hematology & Urology 

Log Books 

LN 2 (for El 81) 


UNIT UNIT 
POWER VOLUME 


TOTAL WEIGHT 
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URINE SAMPLING CARRY-ON LAB 
COL-3 A 


Research Requirements 

Specific Capability 

Mi 

Ec 

ijor 

>Pt. 

Freezer (-70°C) 

Urology Kit 

Anthr. Tapes 

Biomedicine 

Obtain first-day, fractionated urine samples, 24 hour 
urine volumes, prepare, freeze & store for general 
analysis. 

Perform anthropomorphic measurements to define body 
fluid shifts in zero-g. 

Delayed body fluid compartment changes, pre- & post-fit. 

Assumes use of urine Volume Measurement System in 
Shuttle Orb! ter. 

X 

X 

X 

X 

Cardiovascular 

Body fluid/electrolytes 
and renal function 
adaptations to weight- 
lessness 


Note: If simultaneous blood and urine samples are required for correlative studies, this payload 
can be combined with COL-2A. However, 23 kg limit is exceeded. 




PAYLOAD URINE SAMPLING CARRY-ON 


COL-3A 



UNIT 
WEIGHT 
Q kg 


UNIT UNIT 
POWER VOLUME 


44A Chemicals, Radioisotope Tracers 
81 Freezer, Low Temp 

106 Kit, Hematology & Urology 

HOC Kit, Human Physiology 

116 Log Book 

TOTAL WEIGHT 












US/ESA FIRST SPACE LAB MISSION 
ML-1A 


Research Requirements 


Major Equipment 


w 




11 


Specific Capabili 


8BJ 
* r2 

fc 2 P 

IS 

• a El 


KhOBk 


Biomedicine 


Vestibular 


Cardiovascular 


Biochemical Reactions 


Cellular Physiology 


Mechanical & neural responses of otolith organs to zero-g. 

Role of visual cues to space nausea. 

Role of altered body fluid volume, pressure & distribution 
to space nausea. 

Gauer-Henry reflex. 

ECG, VCG 

Anthropomorphic measurements of fluid shifts . 

Altered vascular flow, volume & pressure relationships. 

Measure stress hormone, enzyme, fluid/electrolye & 
fluid volume changes. 

Single-cell type culture responses to zero-g — bone 
marrow. 


Woodlawn Wanderer 




















PAYLOAD FIRST US/ ESA SPACELAB MISSION 
NO. M-L1A 


El# 

El NAME 

Q 

UNIT 

WEIGHT 

kg 

UNIT 

POWER 

w 

UNIT 

VOLUME 

dm 3 

6A 

Airflow Work Surface 

1 

5 

75 

6 

7A 

Auto. Poten. Elec. Analyzer 

1 

12.7 

100 

57 

31 

Calculator, Pocket 

1 

0.47 

0 

0.4 

36 

Camera, 35 mm & Strobe 

1 

2 

0 

2 

37 

Camera, Video, B/W 

1 

4.4 

15 

3 

40A 

Centrifuge, Blood Sample 

1 

12.7 

100 

25 

51F 

Coolant Loop, Liquid 

1 

30 

50 

25 

63C 

Display, Numeric 

1 

2 

2 

4 

70C 

Equipment Restraint Device 

l 

0.5 

0 

1 

76C 

Film, 35 mm 

3 

0.13 

0 

0.05 

80 

Freezer 

1 

15 

200 

61.4 

81 

Freezer, Low Temp. 

§|}gl 

8 

10 

30.5 

106 

Kit, Hematology & Urology 

is* 

5 

0 

9 

106A 

Kit, Cleanup 

i 

1.5 

0 

4 

110 

Kit, Microbiology 


2 

0 

3 

HOC 

Kit, Human Physiology 


3 

0 

8 

114E 

Lamp, Portable Hi Int. Photo 

1 ^ 

6.3 

150 

6 

116 

Log Books 

1 

0.5 

0 

0.4 

126 

Microscope, Compound 

1 

11 

15 

27.4 

12 6 J 

Microscope Accessory Kit, Compd. 

| 

10 

15 

25 

131J 

OFO Experiment Packages 

2 

45 

20 

80 

132 

Oscilloscope & Camera 

1 

11.7 

75 

28.9 

153 

Recorder, Voice 

1 

1 

0 

1 

153 A 

Rotating Litter Chair/Console 

1 

100.2 

127 

. 239 

156 

182E 

Signal Conditioners (Couplers) 
Urine Volume Measurement System 

6 

0.2 
hi Orb 

2 

Lter 

0.5 

187C 

Woodlawn Wanderer 

TOTAL WEIGHT 

1 

10 

347 

15 

12.9 
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BIOMEDICrNE/EIOLOGY MINI-LAB — SMALL VERTEBRATES 

M-L 2A 


I 


Major Equipment 


I 


i 

i 


Research Requirements 


Biomedicine 

Cardiovascular 


i 

I 

t 

Musculoskeletal 


i 

I 

[ Hematology 

\ 

I 

j 

Biochemical Reactions 


Pulmonary 



> Altered vascular flow/volume/pressure relationships. 
Internal blood flows, pressures; urine & blood col- 
lection, freeze & store; food & fluid intake, biochem. 
analysis . 

' ECG/pulse, Doppler flowmeter. 

I Demonstrate myocardial degeneration resulting from 
1 zero-g. 

. Absolute catabolic effects of zero-g. Food & fluid 
intake; histological preparations of bone, bone 
. marrow, muscle. 

1 Invasive studies — measure total Mood volume, red 
| blood cell mass, blood 0 2 tension; obtain reticulo- 
* cyte counts; collect, prepare & store blood samples. 

’ Fluid & electrolyte balance, Ca regulation, adrenal 
function. Urine collection, preservation & analysis. 
On-board & ground analysis. 

Respiratory gas analysis 

I 


X x 


X s x i 


x ix 

•X 


'X :x 


i 


M 

I ! 


sx 


Li i i JLi 


PAYLOAD 

NO. 


BIOMEDICINE/BIOLOGY - SMALL VERTEBRATES MINI-LAB 
M-L 2A ~ "* 


El# 

El NAME 

Q 

UNIT 

WEIGHT 

kg 

UNIT 

POWER 

W 

UNIT 

VOLUME 

dm 3 

6 

Air Particle Sampler 

1 

2.7 

50 

0.85 

6A 

Airflow Work Surface 

1 

5 

75 

6 

7A 

Auto. Poten. Electrolyte Anal. 

1 

12.7 

100 

57 

30A 

Cage, Rat, Hamster, Std. 

16 

2.3 

9 

11 

36 

Camera, 35 mm & Strobe 

1 

2 

0 

2 

38 

Camera, Video, Color 

1 

7.7 

69 

6.2 

40A 

Centrifuge, Blood Sample Proc. 

1 

12.7 

100 

25 

44A 

Chemicals, Radioisotope Tracers 

1 

0.3 

0 

0.5 

48 

Cleaner, Vacuum 

1 

2.3 

100 

10 

51 F 

Coolant Loop, Liquid 

1 

30 

50 

25 

63C 

Display, Numeric 

1 

2 

2 

4 

70C 

Equipment Restraint Device 

1 

0.5 

0 

1 

76C 

Film, 35 mm 

5 

0.13 

0 

0.05 

80 

Freezer, General 

1 

15 

200 

61.4 

81 

Freezer, Low Temp. 

1 

8 

10 

30.5 

83 

Frig. (Refrigerator) 

1 

18 

50 

120 

91 

Gas Analyzer, Mass Spec. 

1 

25 

50 

20 

96 

Glove Box, Portable 

1 

| 4.5 

0 

25 

96C 

Glove Box liners 

10 

0.5 

0 

1 

103 

Holding Unit, Small Vert. 

2 

13.6 

0 

188 

103B 

Incubator 

1 

5 

5 

, 8 

106 

Kit, Hematology & Urology 

1 

5 

0 

9 

106A 

Kit, Cleanup 

1 

1.5 

0 

4 

108 

Kit, Histology 

1 

1 

0 

1 

110 

Kit, Microbiology 

1 

2 

0 

3 

HOC 

Kit, Human Physiology 

1 

3 

0 

8 

114A 

Kit, Dissection 

1 

1 

0 

2 

114B 

Kit, Vertebrate Mgmt. 

1 

3 

0 

6 

114C 

Kit, Vertebrate Physiology 

1 

3 

0 

6 

114E 

Lamp, Portable Hi Iht. Photo 

1 

6.3 

150 

6 

116 

Log Books 

2 

0.5 

0 

0.4 

126 

Microscope, Compd. 

1 

11 

15 

27.4 

126A 

Microscope, Dissecting 

1 

9 

100 

28 

126J 

Microscope Access . Kit, Compound 

1 

10 

15 

25 

132 

Oscilloscope & Camera 

1 

11.7 

75 

28.9 

153 

Recorder, Voice 

1 

1 

0 

1 

156 

Signal Conditioners (Couplers) 

12 

0,2 

2 

0.5 
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PAYLOAD BIOMEDICINE/BIOLOGY - SMALL VERTEBRAT ES MINI-LAB (Cont’d) 
NO. M-L 2A 
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B-U 


BIOMEDICINE MINI- LAB - M-L 3 A 


jMajor Eq uipment 1 


Research Requirements 


Specific Capability 


J4 

o J3 u 

fthS: ® 
o Bl 8 


d M 8 9 2:® fa 
-§ *S o B B f-i © 


Biomedicine - Man 
Cardiovascular 


Vestibular 


Biochemical Reactions 


Hematology 


Musculoskeletal 


Pulmonary 


Altered vascular flow/volume/pressure relationships. 
Internal blood flows, pressures, Doppler Flowmeter; 
urine & blood collection, freeze & store; food 6 fluid 
intake, biochemical analysis. 

ECG,VCG pressures, pulse; Use of echocardiogram for 
determinations of stroke volume, cardiac output, cardiac 
compliance. 

Body fluid compartment studies — total body water volume, 
plasma volume, renal blood flow. 

Role of altered body fluid volume, pressure and distribution 
to space nausea. 

Pharmacological prevention and treatment of space nausea. 

Fluid & electrolyte balance, Ca regulation, adrenal 
function. Urine collection, preservation & analysis. 
On-board & ground analysis . 

Collect, prepare & preserve blood samples. Measure 
red cell mass (Cr 5 *), plasma volume blood 

granulocyte response to inflammatory stimuli. 

Exercise effect upon musculoskeleta disarrangement. 
Calibrated exercise level, respiratory parameters, 
ECG/VCG, pressures, muscle mass, strength, reflexes. 

Altered pulmonary volume/flow relationships in zero-g — 
Measurements of respiratory gas partial pressures, 
flows. Derived quantitites - VC, FVC, TLC, RV, 
ulmonary capillary blood flow/volume. 


X X X 


Physiol 




PAYLOAD 

NO. 


BIOMEDICINE MINI-LAB 
M-L 3A 


El# 

El NAME 

1 

Q 

UNIT 

WEIGHT 

kg 

UNIT 

POWER 

w 

UNIT 

VOLUME 

dm** 

6A 

Airflow Work Surface 

l 

5 

75 

6 

7A 

Auto. Poten. Electro. Analyzer 

1 

12.7- 

100 

57 

36 

Camera, 35 mm & Strobe 

l 

2 

0 

2 

37 

Camera, Video B/W 

l 

4.4 

15 

3 

38F 

Cardiopulmonary Anal. 

1 

90.7 

200 

172 

40A 

Centrifuge, Blood Sample Processor 

i 

12.7 

100 

25 ! 

44A 

Chemicals, Radioisotope Tracers 

l 

0.3 

0 

0.5 

51 F 

Coolant Loop, Liquid 

l 

30 

50 

25 

63C 

Display, Numeric 

1 

2 

2 | 

4 

70C 

Equipment Restraint Device 

l 

0.5 

0 

1 

70E 

Exercise Eqmt. , Physio. 

1 

96 

18 

992 

76C 

Film, 35 mm 

3 

0.13 

0 

0.05 

80 

Freezer, General 

1 

15 

200 

61.4 

81 

Freezer, Low Temp. 

1 

8 

10 

30.5 

83 

Frig. (Refrigerator) 

1 

18 

50 

120 

106 

• Kit, Hematology & Urology 

1 

5 

0 

9 

HOC 

Kit, Human Physiology 

1 

3 

0 

8 

114E 

Lamp, Portable Hi Int. Photo 

1 

6.3 

150 

6 

116 

Log Books 

3 

0.5 

0 

0.4 

132 

Oscilloscope & Camera 

1 

11.7 

75 

28.9 

153 

Recorder, Voice 

1 

1 

0 

. 1 

156 

Signal Conditioners (Couplers) 

6 

0.2 

2 

0.5 

180 

Timer, Event 

1 

0.2 

0 

0.2 

182J 

Vectorcardiogram Coupler 

1 

0.2 

2 

0.5 


TOTAL WEIGHT 


328 
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LIFE SUPPORT/PROTECTIVE SYSTEMS MINI-LAB 

M-L 4A 



Si m 

I §r *S 
o g 


Research Requirements 


Life Support/Protective 


.[ Specifi c Capability 

t life support hardware testing in zero g 

Provide gas, liquid, electrical, thermal require- 
ments. Analyze gas mixtures, temperatures, 
flows, voltages, powers, etc. Record data. 

Gravity-sensitive processes study • 

Study fundamental fluid dynamic and thermo- 
dynamic phenomena. Interface with experimental 
apparatus. Measure physical parameters . 

Record data. 


■ MS i 

4 § 


XX X X X 


X,X X X IX 



PAYLOAD LIFE SUPPORT/PROTECTIVE SYSTEMS MINI-L AB 
NO. M-L4A 


' El# 

El NAME 

Q 

UNIT 

WEIGHT 

kg 

UNIT 

POWER 

w 

UNIT 

VOLUME 

dm® 

31 

Calculator, Pocket 

1 

0.47 

0 

0.4 

32 

Camera, Cine 

1 

5 

13 

5 

36 

Camera, 35 mm & Strobe 

1 

2 

0 

2 

3? 

Camera, Video B/W 

1 

4.4 

15 

3 

48 

Cleaner, Vacuum 

1 

2.3 

100 

10 

63C 

Display, Numeric 

1 

2 

2 

4 

70C 

Equipment Restraint Device 

1 

0.5 

0 

1 

75C 

Film, Cine 

8 

0.54 

0 

0.54 

76C 

Film, 35 mm 

3 

0.13 

0 

0.05 

76J 

Flowmeters 

4 

0.5 

1 

0.5 

83 

Frig. (Refrigerator) 

1 

18 

50 

120 

87 

Gas Analyzer, infrared 

1 

11.3 

50 

42.6 

91 

Gas Analyzer, Mass Spec. 

1 

25 

50 

20 

93A 

Gas Supplies 

2 

5.75 

0 

18 

105 

Kit, Chemical 

1 

1.5 

0 

5 

106A 

Kit, Cleanup 

1 

1.5 

0 

4 

114e 

Lamp, Portable Hi tot. Photo 

1 

6.3 

150 

6 

114G 

Liquid Storage & Disp. Sys . 

1 

13 

0 

18 

115F 

LSS Test Console 

1 

15 

0 

560 

116 

Log Books 

1 

0.5 

0 

0.4 

1181 

Manifold, Vacuum 

1 

9.1 

0 

28.3 

122 

MassMeas. Device, Micro 

1 

12 

15 

25 

134B 

Paper, Recording 

3 

0.6 

0 

1.2 

141A 

Plumbing 

1 

20 

2 

15 j 

150A 

Recorder, Strip Chart 

1 

H.8 

0 

16.9 

153 

Recorder, Voice 

1 

1 

0 

1 

180 

Timer, Event 

1 

0.2 

0 

0.2 

185 

Multimeter 

1 

2 

0 

2.4 


TOTAL WEIGHT 


135 

■ • • 1 

! 
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Cameras 

Voice Recorder; 










PAYLOAD MAN-SYSTEMS INTEGRATION MINI-LAB 
NO. M-L&A 


El# 

El NAME 

Q 

UNIT 

WEIGHT 

kg 

UNIT 

POWER 

w 

UNIT 

VOLUME 

dm 3 

36 

Camera, 35 mm & Strobe 

1 

2 

0 

2 

38 

Camera, Video, Color 

1 

7.7 

69 

6.2 

38B 

Camera Mounts 

1 

3 

0 

3 

38D 

Camera Timer, Video 

1 

4 

10 

3 

70C 

Equipment Restraint Device 

1 

0.5 

0 

1 

76C 

Film, 35 mm 

2 

0.13 

0 

0.05 

114E 

Lamp, Portable Photo Hi Intensity 

1 

6.3 

150 

6 

116 

Log Books 

1 

0.5 

0 

0.4 

153 

Recorder, Voice 

1 

1 

0 

1 

180 

Timer, Event 

1 

0.2 

0 

0.2 


TOTAL WEIGHT 


25.5 

* 




BIOMEDICINE/BIOLOGY MINI-LAB - PRIMATES 
M-L 2B 


Major Equipment 


u g • 


Research Requirements 


Specific Capability 


1,11 


Biomedicine 




! 

i 

I 


Cardiovascular 

Altered vascular flow/volume/pressure relationships. 
Internal blood Sows, pressures; urine & blood col- 
lection, freeze & store; food 6 fluid intake, biochem. 

! 

x;x 

i 

i 

X 


analysis. 

ECG/VCG/pulse, Doppler flowmeter. 

* 

i 

j 


Vestibular 

Invasive studies on animals . 

Implanted sensors/stimulation devices. 
Calibrated stimuli to vestibular organs, record 
ocular reflexes, signs & symptoms, EOG 

\ 

xix 

i 


Pulmonary t 

, Respiratory gas analysis, Og uptake, COg discharge 
using metabolic unit. 

X jX 


Biochemical Reactions 

Fluid & electrolyte balance, Ca regulation, adrenal 
func. Blood & urine collection, preservation and 

X 

\x 


analysis. On -board & ground analysis. 

1, 



w at 

ii 

si 

III 

of 


Li 







PAYLOAD BIOMEDICINE/BIOLOGY - PRIMATES MINI-LAB 
NO. M-L 2B 


El# 

El NAME 

Q 

UNIT 

WEIGHT 

kg 

UNIT 

POWER 

w 

UNIT 

VOLUME 

dm® 

6 

Air Particle Sampler 

1 

2.7 

50 

0.85 

6A 

Airflow, Work Surface 

1 

5 

75 

6 

7A 

Auto. Poten. Electroljrte Anal. 

1 

12.7 

100 

57 

36 

Camera, 35 mm & Strobe 

1 

2 

0 

2.0 

38 

Camera, Video, Color 

1 

7.7 

69 

6.2 

40A 

Centrifuge, Blood Sample Proc. 

1 

12.7 

100 

25 

44A 

Chemicals, Radioisotope Tracers 

1 

0.3 

0 

0.5 

48 

Cleaner, Vacuum 

1 

2.3 

100 

10 

51F 

Coolant Loop, Liquid 

1 

30 

50 

25 

63C 

Display, Numeric 

1 

2 

2 

4 

70C 

Equipment Restraint Device 

1 

0.5 

0 

1 

76C 

Film, 35 mm 

5 

0.13 

0 

0. 05 

80 

Freezer, General 

1 

15 

200 

61.4 

81 

Freezer, Low Temp. 

1 

8 

10 

30.5 

83 

Frig. (Refrigerator) 

1 

18 

60 

120 

91 

Gas Analyzer, Mass Spec. 

1 

25 

50 

20 

101B 

Holding Unit, Monkey Pod 

2 

53 

100 

425 

103B 

Incubator 

1 

5 

5 

8 

106 

Kit, Hematology & Urology 

1 

5 

0 

9 

106A 

Kit, Cleanup 

1 

1.5 

0 

4 

110 

Kit, Microbiology 

1 

2 

0 

3 

HOC 

Kit, Human Physiology 

1 

3 

0 

8 

114B 

Kit, Vertebrate Mgmt. 

1 

3 

0 

6 

114C 

Kit, Vertebrate Physiology 

1 

3 

0 

6 

114E 

Lamp, Portable Hi Int. Photo 

1 

6.3 

150 

6 

116 

Log Books 

2 

0.5 

0 

0.4 

126 

Microscope, Compd. 

1 

11 

15 

27.4 

126J 

Microscope Access Kit, Compd. 

1 

10 

15 

25 

132 

Oscilloscope & Camera 

1 

11.7 

75 

23.9 

138E 

Physiol. Multichannel Sens. Sys. 

1 

0.2 

0 

1.4 

150B 

Receiver 

1 

0.5 

10 

1 

153 

Recorder, Voice 

1 

1 

0 

1 

156 

Signal Conditioners 

6 

0.2 

2 

0.5 

165 

Sterilizer, Tool 

1 

1 

110 

1 

174 

Tank, Vertebrate Water 

1 

8.5 

5 

28.3 

180 

Timer, Event 

1 

0.2 

0 

0.2 

MZP 

■ Ventilation Unit. Vert. 

2 

J IS 

40 

32.7 


TOTAL WEIGHT: 3«4 
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BIOMEDICINE /BIOLOGY MINI-LAB — SMALL VERTEBRATES/CELLS & TISSUES 

M-L2C 


i ; 

' ■ i i ' 

Research Requirements 

- ' ! i : I ■ * • 

. r . * ■ -r * ' 1 ■ » ' ‘ ' i * * • 

• 1 i * 1 T S * ; 

r ■ ■ 1 1 * ; : \ J r \ * 1 1 T ! i 

« * » 1 i ; 

i i : : : i : . 

r- ! -{ - f- 4- * — 1 - | -4 — L. i_ j 4 I" l • 

! Specific Capability" !«!.!• 

Major Equipment 

S 

10 

0 

be 

cs 

V 

1 

O 

u 

0 

g 

0 

£ 

♦ 

0 

a 

w 

to 

3 

S 

I 

*3 

< 

i 

(£ 

i 

a 

< 

■g 

£ 

a 

1 

a 

$ 

2 

z 

%. 

bt 

□ 

3 

1 

35 

** 

s 

10 

£ 

ft 

+2 

1 

a 

s 

m 

& 

M 

M 

0 

0 

S 

| Histology Kit ... 

1 C&T Holding Unit 

Biomedicine ■ 

; • ■ ■ ; ■ * - :■ 











Cardiovascular 

Altered vascular flow/ volume/ pres sure rela- 

X 

X 



X 

X 

X 





latlcn ships . Internal blood flows, pressures; 











: t 

urine & blood collection, freeze & store; food 












& fluid intake, biochemical analysis* 











f ' ^ 

ECG/puise, Doppler flowmeter. 







X 

X 




Demonstrate myocardial degeneration resulting 







X 


X 


• 1 * X < 

from zero-g. 











Musculoskeletal * • ! 

Absolute catabolic effects of zero-g. Food & 







X 


X 


1 I ' , : ' i 

• ' ■ * ! 

fluid intake; histological preparations of 











• ■ s : i ; 1 ; 

i . , j , ; « 

bone, bone marrow, muscle. * 











Hematology _ \ j * { 

Invasive studies — measure total blood volume, ; 


X 


X 


X 

X 




* • • ■ 

red blood cell mass, blood O2 tension; obtain 












reticulocyte counts; collect, prepare fir store . 











1 • : , 

blood samples* ; 











Biochemical Reactions 

Fluid & electrolyte balance, Ca regulation. 


X 


X 


X 





* i i 

* .i - J 4 

adrenal function. Urine collection, pre- + ^ 











,!■!*! 

serration & analysis. On-board Si ground 











r t '■* * ’ f 

■ : t > * 

analysis. . j 











Pulmonary . ! 

Respiratory gas analysis. . 

X 


X 








Microbiology 

Experimentally induced infection, measure , , 

X 









X 

: ' | !* i 

specific immune response, incubate micro- 1 j__ 











' 1 : ] i j ! 

bial cultures. , j j 











Biology ' ' ' 








* 




Cellular & Molecular • j ■ 

Density dependent growth & development . ! : 










X 

. ; . i i i ! ; 

processes* Cell turnover rates, wound re- ’ ' 









[ I 


'I!‘. 

, , i i . ^ i . * . 

pair. Tissue cultures of bone marrow, in- ■ 









1 



testinal epithelium, embryonic tissues. 

u ^ 

■ T J 


mm 










PAYLOAD BIOMEDICINE /BIOLOGY -SMALL VERTEBRATE S /CELLS & TISSUES MINI -LAB 
NO. M-L 2C 


El# 

El NAME 

Q 

UNIT 

WEIGHT 

kg 

UNIT 

POWER 

w 

UNIT 

VOLUME 

dm 3 

6 

Air Particle Sampler 

1 

2.7 

50 

0.85 

6A 

Airflow Work Surface 

1 

5 ' 

75 

6 

7A 

Auto. Poten. Electrolyte Anal. 

1 

12.7 

100 

57 

25B 

Colony Chamber, Sealable 

10 

0.2 

0 

0.1 

30A 

Cage, Rat, Hamster, Std. 

16 

2.3 

9 

11 

36 

Camera, 35 mm & Strobe 

1 

2 . 

o 

2.0 

38 

Camera, Video, Color 

1 

7.7 

69 

6.2 

40A 

Centrifuge, Blood Sample Proc. 

1 

12.7 

100 

25 

44A 

Chemical, Radioisotope Tracers 

1 

0.3 

0 

0.5 

48 

Cleaner, Vacuum 

1 

2.3 * 

100 

10 

50A 

Clinostat, C/T 

1 

2 

10 

4 

61P 

Coolant Loop, Liquid 

1 

30 

50 

25 

54 

Counter, Colony, Manual 

1 

1.5 

50 

1.5 

63C 

Display, Numeric 

1 

2 

2 

4 

70C 

Equipment Restraint Device 

1 

0.5 

0 

1 

76C 

Film, 35 mm 

5 

0.13 

0 

0.5 

80 

Freezer, General 

1 

15 

200 

61.4 

81 

Freezer, Low Temp. 

1 

8 

10 

30.5 

83 

Frig. {Refrigerator) 

1 

18 

50 

120 

91 

Gas Analyzer, Mass Spec . 

1 

25 

50 

20 

96 

Glove Box, Portable 

1 

4.5 

0 | 

25 

96C 

Glove Box Liners 

10 

0.5 

0 

1 

98A 

Holding Unit, C/T 

1 

23 

30 

188 

103 

Holding Unit, Small Vert. 

2 

13.6 

0 

188 

103B 

incubator 

1 

5 

5 

8 

106 

Kit, Hematology & Urology 

1 

5 

0 

9 

106A 

Kit, Cleanup 

1 

1.5 

0 

4 

108 

Kit, Histology 

1 

1 

0 

1 

110 

Kit, Microbiology 

1 

2 

0 

3 

HOC 

Kit, Human Physiology 

1 

3 

0 

8 

114A 

Kit, Dlsseetion 

1 

1 

o 

2 

114B 

Kit, Vertebrate Mgmt. 

1 

3 

0 

6 

114C 

Kit, Vertebrate Physiology 

1 

3 

o 

6 

114E 

Lamp, Portable Hi hit. Photo 

1 

6.3 

150 1 

6 

116 

Log Books 

2 

0.5 

0 

0.4 

124 

Media, Prepared 

1 

0.45 

0 

0.5 

126 

Microscope, Compd. 

1 

11 

15 

27.4 
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UNIT 

UNIT 

UNIT 




WEIGHT 

POWER 

VOLUME 

El# 

El NAME 

Q 

kg 

w 

dm 3 


26A Microscope, Dissecting 

26J Microscope Access. Kit, Compound 

32 Oscilloscope & Camera 

38 pH Meter 

53 Recorder, Voice 

56 Signal Conditioners (Couplers) 

165 Sterilizer, Tool 

174 'Dink, Vertebrate Water 

180 Timer, Event 

182P Ventilation Unit, Vert. 

187C Woodlawn Wanderer 

188 Work & Surgical Bench 


9 

10 
11.7 
1.8 
1 

0.2 

1 

8.5 

0.2 

19 

10 

136 


TOTAL WEIGHT 
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BIOLOGY MINI-LAB 
M-L2D 


Research Rcauiromentfl 

{ Major 

R 

qu] 

pment i 

Specific Capability 


Plant Holding Unit 

Invertebrate Holding Unit 

S3 

X 

<a 

a 

» 

V 

F 

*5 

e 

m 

£ 

i 

0 

1 

a 

£ 

tn 

« 

w 

5 

:a 

£ 

1 

CD 

tl 

1 

1 

s 

m 

2 

o 

2 

B 

£ . 

* u 

!• 

11 

* £ 

* S 
3 41 
2 

D>wer Vertebrate Biology 

Maintenance of instrumented animals, metabolic moot- 

X 





X 




(Ruts, guinea pigs, frogs, etc*) 

monitoring, physiological monitoring. 











Histological preparation, incubation, examination 





X 



X 

X 

Basic mechanism of physio- 

Surgery, blopay, autopsy 







X 


X 

logical adaptation, growth. 











development, reproduction 











in zoro-g 










- 

Plant Biology 

Specimen maintenance through entire life cycles. 


X 








Basic mechanisms of growth. 

Monitor goo tropism, growth rate, morphology. 


X 






X 


development and repro- 

circadian cycles, etc* 










production in zero-g 

Histological preparations - genetic changes, 





X 



X 

X 


replication 











Environmental monitoring 






X 




invertebrate Biology 

Specimen maintenance through entlro life cycles. 



X 







(Insects, spiders, nematodes) 

Monitor behavior patterns, activity cycles, moiptology. 



X 





X 

X 

Basic mechanisms of growth. 

Histological prep* for genetic changos, organ develop- 





X 



X’ 

X 

development and reprodjetion 

ment, structural changes - Fix & preserve. 










in zoro-g 

Environments monitoring. 










Cellular & Molecular Biology 

Specimen and culture maintenance, environment con- 




X 






Density dependent growth and 

trol/monitoring . 










development processes 

Cell turnover times, wtnsiri repair rates, electrolyte 








X 

X 


transport. 











Histological preparations. 





X 



X 

X 

Genetic alterations to zero-g 

Cell division, me to ttc abnormalities, chromosome 




X 




X 

w 


aberrations. 







L 





PAYIjOAD 

NO. 


BIOLOGY MINI-LAB 
k-t 2D 


El# 

El NAME 

Q 

UNIT 

WEIGHT 

kg 

UNIT 

POWER 

w 

UNIT 

VOLUME 

dm 3 

6 

Air Particle Sampler 

1 

2.7 

60 

0.85 

6A 

Airflow Work Surface 

1 

5 

75 

6 

7A 

Auto. Poten. Electrolyte Anal. 

1 

12.7 

100 

57 

14 

Anesthetizer, Invert. 

l 

0.2 

0 

1 

25 

Cage, Invertebrates 

20 

0.3 

0 

0.2 

25B 

Colony Chamber, Sealable 

10 

0.2 

0 

0.1 

29 

Cage, Plant 

1 

4.5 

0 

56.6 

30A 

Cage, Rat, Hamster, Std. 

19 

2.3 

9 

11 

36 

Camera, 35 mm & Strobe 

1 

2 

0 

2.0 

38 

Camera, Video, Color 

1 

7.7 • 

69 

6.2 

40A 

Centrifuge, Blood Sample Proc. 

1 

12.7 

100 

25 

44A 

Chemical, Radioisotope Tracers 

1 

0.3 

0 

0.5 

48 

Cleaner, Vacuum 

1 

2.3 

100 

10 

50A 

Clinostat, C/T 

1 

2 

10 

4 

51F 

Coolant Loop, Liquid 

1 

30 

50 

25 

54 

Counter, Colony Manual 

1 

1.5 

50 

1.5 

63C 

Display, Numeric 

1 

2 

2 

4 

70C 

Equipment Restraint Device 

1 

0.5 

0 

1 

76C 

Film, 35 mm 

5 

0.13 

0 

0.05 

80 

Freezer, General 

fl 

15 

200 

61.4 

81 

Freezer, Low Temp. 

n 

8 

10 

30.5 

83 

Frig. (Refrigerator) 

Bf; 

18 

50 ; 

120 

91 

Gas Analyzer, Mass Spec. 

■3 

25 

50 

20 

93 

Gas Analyzer, RH 

i 

5.2 

6 

13 

96 

Glove Box, Portable 

i 

4.5 

0 

25 

96C 

Glove Box, Liners 

15 

0.5 

0 

1 

98A 

Holding Unit, C/T 

n 

23 

30 

188 

98C 

Holding Unit, Invertebrates 

n 

23 

50 

188 

101 

Holding Unit, Plant 

n 

25 

500 

188 

103 

Holding Unit, Small Vert. 

2 

13.6 

0 

188 

103B 

Incubator 

Kj 

5 

5 

8 

106 

Kit, Hematology & Urology 

H 

5 

0 

9 

106A 

Kit, Cleanup 

n 

1.5 

0 

4 

108 

Kit, Histology 


1 

0 1 

1 

110 

Kit, Microbiology 

n 

2 

0 

3 

111 

Kit, Plant Mgmt. 

n 

1 

0 

1 

113 A 

Kit, Invert. Mgmt. 


1 

Li. 

2 
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PAYLOAD 

NO. 


BIOLOGY 

M-L2D 


mm 


-M2- 


El# 

El NAME 

Q 

UNIT 

WEIGHT 

kg 

UNIT 

POWER 

w 

UNIT 

VOLUME 

dm 

114A 

Kit, Dissection 

1 

1 

0 

2 

114B 

Kit, Vertebrate Mgmt. 

1 

3 

0 

6 

114C 

Kit, Vertebrate Physiology 

1 

3 

0 

6 

114E 

Lamp, Portable Hi Int. 

1 

6.3 

150 

6 

116 

Log Books 

2 

0.5 

0 

0.4 

124 

Media, Prepared 

2 

0.45 

0 

0.5 

126 

Microscope, Compd. 

1 

11 

15 

| 27.4 

126A 

Microscope, Dissecting 

1 

9 

100 

28 

126J 

Microscope Access. Kit, Compound 

1 

10 

15 

25 

132 

Oscilloscope & Camera 

1 

11.7 

75 

28.9 

138 

pH Meter 

1 

1.8 

20 

5.2 

153 

Recorder, Voice 

1 

1 

0 

1 

156 

Signal Conditioners (Couplers) 

12 

0.2 

2 

0.5 

165 

Sterilizer, Tool 

1 

1 

110 

1 

174 

Tank, Vertebrate Water 

1 

8.5 

5 

28.3 

175 

Tank, Plant/Invert. Water 

2 

1.7 

0 

3 

180 

Timer, Event 

1 

0.2 

0 

0.2 

182P 

Ventilation Unit, Vert. 

1 

19 

40 

32.7 

187C 

Woodlawn Wanderer 

1 

10 

15 

12.9 

188 

Work & Surgical Bench 

1 

136 

1000 

420 


TOTAL WEIGHT 


556 



SUMMARY TABLE 

DEDICATED LABORATORY VS. RESEARCH CAPABILITY 


TIME-PHASED RESEARCH REQUIREMENTS 

F DED1 

[CATEDLABS 1 

IA 

HA 

mA 

HB 

nc 

111 H 

BIOMEDICINE - MAN 

■ 






Vestibular 

X 

X 

X 




Cardiovascular 

X 

X 

X 

X 

X 

X 

Pulmonary 

X 

X 

X 




Biochemical Reactions 

X 

X 

X 




Musculoskeletal 

X 

X 

X 

X 


X 

Hematology 

X 

X 

X 




Psychomotor Perf. 

X 

X 

X 




BIOMEDICINE - ANIMALS 




i 

1 



Vestibular 

X 

X 

X 

I X 

X 

X 

Cardiovascular 

X 

X 

X 

i X 

X 

X 

Pulmonary 

X 

X 

X 

, x 

X 

X 

Biochemical 

X 

X 

X 

X 

X 

X 

Musculoskele tal 

X 

X 

X 

X 

X 

X 

Hematology 

X 

X 

X 

X 

X 

X 

BIOLOGY 




\ 

i 


Higher Vertebrates 

4* 

52 

I 2 

1 2 

I 2 

. 

Lower Vertebrates 

16 * 

16 

32 

16 

16 

32 

Cellular & Molecular 

X 

X 

X 

X 


i 

Invertebrate 


X 

X 

X 

i 

i 

i 

Plant 


X 

X 

X 



Radiobiology 


X 

X 

X 

! 


Microbiology 


X 

X 

X 

1 

1 


MAN-SYSTEMS INTEGRATION 







MSI Testing 


X 

X 




LIFE SUPPORT/PROTECTIVE SYSTEMS 







Life Support Hardware Test 


X 

X 




Zero-g Effects 


X 

X 



^ 


* Indicates number of animals aboard. 
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DEDICATED LABORATORY MOD IA 
SCIENCE RATIONALE & RESEARCH CAPABILITY 

SCIENCE RATIONALE 


Dedicated Lab MOD IA Is a 7 -day, biomedical emphasis mission for the Shuttle/ 
Spacelab. Man-related studies will be undertaken from two distinct, though ."elated, 
orientations: 

A. As a human organism requiring scientific investigation and measurement: 

To understand the mechanisms of man's responses to space flight and bis 
capability to adapt to the space environment. Special emphasis will be placed 
on those organ systems which have been found from previous flights to be in- 
fluenced by gravity, e.g. , cardiovascular, vestibular, and musculo -skeletal 
systems. Biological periodicities will be examined within the limits of mis- 
sion profiles. 

Animal models will provide information concerning basic mechanisms not 
easily determined in man. Such animal models would provide Information in 
areas where measurements have not been developed for use in humans or 
would carry a significant hazard if utilized in man. 

B. As an important (human) element of a flight system whose total performance 
capability is reflected in the performance level of that (human) system, and 
whOi.. j safety is of primary concent in any manned system: 

To acquire, analyze, and interject data relevant to the problems of human 
performance, capability and behavior in space. This includes both group and 
individual behavior, attitudes, motivational levels, anxieties, etc. 

To establish operator capabilities and requirements as they impact total 
system performance and crew safety. 

To collect high fidelity, high quality data on the new population of space flight 
participants in order to substantiate and improve on the original medical se- 
lection criteria for Shuttle passengers and crews. 
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RESEARCH CAPABILITY SYNOPSIS - Area/Functions/Measurements/Major Equipment 
A. BIOMEDICAL - Man 

1. Vestibular 

Investigate ro.te of visual cues in space nausea. Repeat of Skylab MI31 
experiment. Rotating Litter Chair. 

Role of altenH? bsxly fluid volume, pressure and distribution to space 
nausea. TJriae sample collection and analysis. 

2 . Cardiovascular 

Altered vascular flow, volume & pressure relationships in zero-g. 

LBNP, VCG. 

Demonstrate presence or absence of Gauer-Hemry reflex. Early 
mission urine/blood sample collection and analysis. APE, Freezers. 
Regulation responses to exercise in zero-g. VCG, Human Phys. Kit, 
Exercise Eqmt. 

3. Pulmonary 

Altered pulmonary volume/flow/relationships in zero-g. C&rdiopul- 
monay Analyzer, Exercise Eqmt. 

4 . Musculoskeletal 

Exercise effect upon musculoskeletal derangement. Exercise physiology 
equipment, human physiology kit, ECG/VCG . 

Diet and pharmacological control of musculoskeletal derangement. Food/ 
fluid input records, feces/urine/ vomitus collection/storage. 

5 . Hematology 

Collect, prepare & preserve blood samples. Determine red cell mass, 
recitulocyte counts, pCO , pO , pH, enzymes, proteins, etc. 

u £ 

6. Microbiology 

Effects of space environment upon host defense mechanisms. Microbial 
sampling, culturing, staining, examination. Incubator, staining system, 
microscopy. 


7 . Crew Performance in Space 

Time and motion studies, training tasks. Time relate performance 
measures with daily activity schedules, sleep patterns, environmental 
conditions and biomedical measurements. 

8. Effects of Training Upon Crew Efficiency 

Correlate crew performance efficiency measurements with same tasks 
conducted in ground based simulators or prior missions. 

B. BIOMEDICAL ~ Man Surrogate 

To permit detailed invasive and statistical studies in the biomedical areas 
mentioned above, this laboratory contains the holding facilities, support equip- 
ment and monitoring instrumentation for the following populations: 

Primates - 4 Holding units (I primate each) 

Small vertebrates - 2 Holding units (16 rats, hamsters, etc.) 
Cells/Tissues - 2 Holding un its 

C. SUPPORTIVE SERVICES 

Microscopy - Compound microscope for dark field, bright field, phase contrast. 
Dissecting microscope. Microscope accessory kit includes polarizing 
equipment, filters , photographic and video attachments . 

Photography - Cine film, 35 mm, polaroid. 

Visual Records - Strip chart recorder (2-channel), digital display, oscilloscope, 
CRT/camera. 

Preservation - Cryogenic freezer (quick-freeze), -70° & -20°C freezers, 4 # C 
refrigerator. 

Mass Measurement - Human mass device, macro mass measurement device 
(5 g to 2 kg) and micro mass measurement device (1 mg to 5 g). 
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DEDICATED LABORATORY MOD IIA 
SCIENCE RATIONALE & RESEARCH CAPABILITY 


SCIENCE RATIONALE 

Dedicated Lab MOD IIA is a 7-day biomedical/biology/advanced technology em- 
phasis mission for Shuttle/Spacelab. 

A. Man-related studies will be undertaken from two distinct, though related, 
orientations: 

1. As a huinan organism requiring scientific investigation and measurement: 

To understand the mechanisms of man's responses to space flight and 
his capability to adapt to the space environment. Special emphasis will 
be placed on those organ systems which have been found from previous 
flights to be influenced by gravity, e.g. , cardiovascular, vestibular, 
and musculo-skeletal systems. Biological periodicities will be ex- 
amined within the limits of mission profiles. Animal models will pro- 
vide information concerning basic mechanisms not easily determined in 
man. Such animal models would provide information in areas where 
measurements have not been developed for use in humans or would carry 
a significant hazard if utilized in man. 

2. As an important (human element of a flight system whose total perform- 
ance capability is reflected in the performance level of that (human) 
system, and whose safety is of primary concern in any manned system: 

To acquire, analyze, and interject data relevant to the probloms of 
human performance, capability and behavior in space. This includes 
both group and individual behavior, attitudes, motivational levels, 
anxieties, etc. 

To establish operator capabilities and requirements as they impact 
total system performance and crew safety. 

To collect high fidelity, high quality data on the new population of space 
flight participants in order to substantiate and improve on the original 
medical selection criteria for Shuttle passengers and crews. 

B. Although animals, as biological species, will be used as models for man- 
related studies, the term Space Biology encompasses research on a wide 
variety of biological materials ranging from cells to complex multi -cellular 
animals. Major objectives of the Space Biology program are: 
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To advance our knowledge of the role of gravity In the life processes 
and the capability of terrestrial organisms to adapt to gravitational 
changes. 

To understand the basto nature of biological rhythms in terrestrial or- 
ganisms and their influence on life processes. 

To determine and assess the biological implications of galactic cosmic 
HZE particles for developing realistic radiation exposure guidelines 
and providing protective and/or preventive measures against particle 
radiation hazards for long duration space missions. 

To determine the potential applications and to develop the techniques to 
utilize new advances in biological theories and space technology gained 
from research in the unique environment of space for space exploration 
and for the benefit of mankind. This includes cross -utilization of in- 
formation between scientific disciplines, especially by means of flight 
experiments of mutual interest and/or applicability to different disciplines. 

To assess the possible synergistic effects of gravity, magnetism and 
radiation on life-s origin and evolutionary processes. 

Advanced technology research goals and objectives to be accomplished include 
but are not limited to: 

Continuing advanced technology research on life support, protective systems, * 
and work aids to provide as near an Earth atmospheric environment for man as 
possible} to provide him with protection from hazards of the space environment, 
optimize his ability to work in space and to maintain his health. Special em- 
phasis will be placed on areas such as: , 

Development of regenerative life support systems including bioregenera- 
tive systems and new principles of membrane transport and related 
phenomena, development of advanced protective devices for manned 
space flight. 

Measurement of man's performance in EVA, evaluation and validation 
of principles of system design and man-machine integration. 

Demonstration and flight evaluation of teleoperator technology; e.g. , 
visual environment sensors and displays, man-machine capabilities 
and acquisition of an experience and engineering data base. 
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RESEARCH CAPABILITY SYNOPSIS - Area/Functions/Measurements/Major Equipment 
A. BIOMEDICAL - Man 

1. Vestibular 

Investigate role of visual cues in space nausea. Repeat of Skylab M131 
experiment. Rotating Litter Chair. 

Role of altered body fluid volume, pressure and distribution to space 
nausea. Urine sample collection and analysis. 

2. Cardiovascular 

Altered vascular flow, volume and pressure relationships in zero-g. 

LBNP, VCG. 

Demonstrate presence or absence of Gauer-Henry reflex. Early mission 
urine/blood sample collection and analysis. APE, Freezers. 

Regulator responses to exercise in zero-g. VCG, Human Phys. Kit, 
Exercise Eqmt. 

3. Pulmonary 

Altered pulmonary volume/flow/relationships in zero-g. Cardiopulmonary 
Analyzer, Exercise Eqmt. 

4. Musculoskeletal 

Exercise effect upon musculoskeletal derangement. Exercise physiology 
equipment, human physiology kit, ECG/VCG. 

Diet and pharmacological control of musculoskeletal derangement. 
Food/fluid input records, feces/urine/vomitus collection/storage. 

5. Hematology 

Collect, prepare and preserve blood samples . Determine red cell mass, 
reticulocyte counts, pC0 0 , pO , pH, enzymes, proteins, etc. 

6. Microbiology 

Effects of space environment upon host defense mechanisms. Microbial 

sampling, culturing, staining, examination. Incubator, staining system, 
microscopy. 
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7. 


Crew Performance In Space 


Time and motion studies, training tasks. Time-relate performance 
measures with daily activity schedules, sleep patterns, environmental 
conditions and biomedical measurements. 

8* Effects of Training Upon Crew Efficiency 

Correlate crew performance efficiency measurements with same tasks 
conducted in ground based simulators or prior missions. 

B. BIOMEDICAL » Man-Surrogate 

To permit detailed invasive and statistical studies In the biomedical areas 
mentioned above. This laboratory contains the holding facilities, support 
equipment and monitoring instrumentation for the following populations: 

Primates - 5 Holding units (1 primate each) 

Small vertebrates - 2 Holding units (16 rats, hamsters, etc.) 
Cells/Tissues - 2 Holding units 

C. SPACE BIOLOGY 

The holding units mentioned in "B" above, besides supporting man-surrogate 
research, will support space biology research. Additional holding units are: 

Plants - 2 Holding units 

Invertebrates - 2 Holding units 

1, Cellular & Molecular Biology 

Density dependent growtb/development processes, \\bund repair rates, 
membrain electrolyte transport. 

Generic alterations in zero-g. Cell me to sis, chromosome aberrations, 
cell divisions. 

2. Lower Vertebrate Biology 

Basic mechanisms of physiological adaptation, growth, development 
and reproduction in zero-g. Circadian rhythm studies. Metabolic 
monitoring, physiological monitoring, histological preparations, surgery, 
environmental monitoring. 
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3. Higher Vertebrate Biology 

Invasive studies of the physiological systems as described under "A” 
above. 

4. invertebrate Biology 

Basic mechanisms of physiological adaptation, growth, development & 
reproduction in zero-g. Complete life cycle studies. Monitor behavior 
patterns, activity cycles, growth rates, morphology. Histological 
preparations. 

5. Plant Biology * 

Study basic mechanisms of growth, development and reproduction in 
zero-g. Geotropism, morphology, photosynthetic activity, productivity. 

6. Radiobiology 

Biological effects of HZE particle irradiation. HZE particle detection. 
Exposure of small animals, plants, tissue cultures to HZE radiation. 

D. ADVANCED TECHNOLOGY 

1. life Support Hardware Testing in Zero G 

Test condensers, vapor cycle units, sterilizers, C0 2 reduction units, 
biopacks, pressure suits. 

Life Support Test Console. 

2. Effects of Space Inertial Forces on Gravity Sensitive Processes 

Examine mixed phased flows, mixing, heat transfer characteristics. 

Use PI developed hardware test apparatus. 

3. Man-Machine Testing of Advanced Designs 


Measure man's performance in EVA, systems design, etc. Use psycho* 
motor performance console, Spacelab CRT/keyboard, etc. 

Evaluate Teleoperator technology. 



E. SUPPORTIVE SERVICES 


Microscopy - Compound microscope for dark field, brightfield, phase contrast. 
Dissecting microscope. Microscope accessory kit includes polarizing 
equipment, filters, photographic and video attachments. 

Photography - Cine film, 35 mm, polaroid. 

Visual Records - Strip chart recorder (2 -channel), digital display oscilloscope, 
CRT/camera. 

Preservation - Cryogenic freezer (quick-freezer), -70* & -20°C freezers, 

4°C refrigerator. 

Mass Measurement - Human mass device, macro mass measurement device 
(5 g to 2 kg) and micro mass measurement device (1 mg to 5 g). 
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DEDICATED LABORATORY MOD IDA 
SCIENCE RATIONALE & RESEARCH CAPABILITY 

SCIENCE RATIONALE 


Dedicated lab MOD HIA is a 30-day biomedical/biology/advanced technology em- 
phasis mission for Shuttle/Spacelab. 

A. Man-related studies will be undertaken from two distinct, though related, 
orientations: 

X, As a human organism requiring scientific investigation and measurement: 

To understand the mechanisms of man's responses to space flight and 
his capability to adapt to the space environment. Special emphasis will 
be placed on those organ systems which have been found from previous 
flights to be influenced by gravity, e.g. , cardiovascular, vestibular, 
and musculo-skeletal systems. Biological periodicities will be ex- 
amined within the limits of mission profiles. Animal models will pro- 
vide information concerning basic mechanisms not easily determined in 
man. Such animal models would provide Information in areas where 
measurements have not been developed for use in humans or would carry 
a significant hazard if utilized in man. 

2. As an important (human element of a flight system whose total perform- 
ance capability is reflected in the performance level of that (human) 
system, and whose safety is of primary concern in any manned system: 

To acquire, analyze, and interject data relevant to the problems of 
human performance, capability and behavior in space . This includes 
both group and individual behavior, attitudes, motivational levels, 
anxieties, etc. 

To establish operator capabilities and requirements as they impact 
total system performance and crew safety. 

To collect high fidelity, high quality data on the new population of space 
flight participants in order to substantiate and improve on the original 
medical selection criteria for Shuttle passengers and crews. 

B, Although animals, as biological species, will be used as models for man- 
related studies, the term Space Biology encompasses research on a wide 
variety of biological materials ranging from cells to complex multi -cellular 
animals. Major objectives of the Space Biology program are: 
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To advance our knowledge of the role of gravity In the life processes 
and the capability of terrestrial organisms to adapt to gravitational 
changes. 

To understand the basic nature of biological rhythms in terrestrial or- 
ganisms and their influence on life processes. 

To determine and assess the biological implications of galactic cosmic 
HZE particles for developing realistic radiation exposure guidelines 
and providing protective and/or preventive measures against particle 
radiation hazards for long duration space missions. 

To determine the potential applications and to develop the techniques to 
utilize new advances in biological theories and space technology gained 
from research in the unique environment of space for space exploration 
and for the benefit of mankind. This includes cross -utilization of in- 
formation between scientific disciplines, especially % means of flight 
experiments of mutual interest and/or applicability to different disciplines. 

To assess the possible synergistic effects of gravity, magnetism and 
radiation on llfe-s origin and evolutionary processes . 

Advanced technology research goals and objectives to be accomplished include 
but are not limited to: 

Continuing advanced technology research on life support, protective systems, 
and work aids to provide as near an Earth atmospheric environment for man as 
possible; to provide him with protection from hazards of the space environment, 
optimize his ability to work in space and to maintain his health. Special em- 
phasis will be placed on areas such as: 

Development of regenerative life support systems including bioregenera - 
five systems and new principles of membrane transport and related 
phenomena, development of advanced protective devices for manned 
space flight. 

Measurement of man's performance in EVA, evaluation and validation 
of principles of system design and man-machine integration. 

Demonstration and flight evaluation of teleoperator technology; e.g. , 
visual environment sensors and displays, man-machine capabilities 
and acquisition of an experience and engineering data base. 


RESEARCH CAPABILITY SYNOPSIS - Area/Functions/Measurements/Major Equipment 
A. BIOMEDICAL - Man 

1. Vestibular 

Investigate role of visual cues in space nausea. Repeat of Skylab M131 
experiment. Rotating Litter Chair. 

Role of altered body fluid volume, pressure and distribution to space 
nausea. Urine sample collection and analysis. 

2. Cardiovascular 

Altered vascular flow, volume and pressure relationships in zero-g, 

LBNP, VCG. 

Demonstrate presence or absence of Gauer-Henry reflex. Early mission 
urine/blood sample collection and analysis. APE, Freezers. 

Regulator responses to exercise in zero-g. VCG, Human Phys. Kit, 
Exercise Eqmt. 

3. Pulmonary 

Altered pulmonary volume/flow/relationships in zero-g. Cardiopulmonary 
Analyzer, Exercise Eqmt. 

4. Musculoskeletal 

Exercise effect upon musculoskeletal derangement. Exercise physiology 
equipment, human physiology kit, ECG/VCG. 

Diet and pharmacological control of musculoskeletal derangement. 
Food/fluid input records, feces/urine/vomitus collection/storage. 

5. Hematology 

Collect, prepare and preserve blood samples. Determine red cell mass, 
reticulocyte counts, pCO^, pOg, pH, enzymes, proteins, etc. 

6. Microbiology 

Effects of space environment upon host defense mechanisms. Microbial 

sampling, culturing, staining, examination. Incubator, staining system, 
microscopy. 
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7. Crew Performance In Space 

Time and motion studies, training tasks. Time -relate performance 
measures with daily activity schedules, sleep patterns, environmental 
conditions and biomedical measurements. 

8. Effects of Training Upon Crew Efficiency 

Correlate crew performance efficiency measurements with same tasks 
conducted in ground based simulators or prior missions. 

B. BIOMEDICAL - Man-Surrogate 

To permit detailed invasive and statistical studies in the biomedical areas 
mentioned above. This laboratory contains the holding facilities, support 
equipment and monitoring instrumentation for the following populations: 

Primates - 2 Holding units (1 primate each) 

Small vertebrates - 2 Holding units (16 rats, hamsters, etc.) 
Cells/Tissues - 2 Holding units 

C. SPACE BIOLOGY 


The bolding units mentioned in "B" above, besides supporting man-surrogate 
research, will support space biology research. Additional holding units are: 

Plants - 2 Holding units 

invertebrates - 2 Holding units 

1. Cellular & Molecular Biology 

Density dependent growth/development processes. Vfound repair rates, 
me mb rain electrolyte transport. 

Generic alterations in zero-g. Cell metosis, chromosome aberrations, 
eell divisions. 

2. Lower Vertebrate Biology 

Basic mechanisms of physiological adaptation, growth, development 
and reproduction in zero-g. Circadian rhythm studies. Metabolic 
monitoring, physiological monitoring, histological preparations, surgery, 
environmental monitoring. 
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3. Higher Vertebrate Biology 

Invasive studies of the physiological systems as described under "A" 
above. 

1. Invertebrate Biology 

Basic mechanisms of physiological adaptation, growth, development & 
reproduction in zero-g. Complete life cycle studies. Monitor behavior 
patterns, activity cycles, growth rates, morphology. Histological 
preparations. 

5. Plant Biology 

Study basic mechanisms of growth, development and reproduction in 
zero-g. Geotropism, morphology, photosynthetic activity, productivity. 

6. Radiobiology 

Biological effects of HZE particle irradiation. HZE particle detection. 
Exposure of small animals, plants, tissue cultures to HZE radiation. 

7. Bioresearch Centrifuge 

A 3.88 m diameter centrifuge permits 1-g control organisms on-board 
to compare with zero-g test organism. Capability of 16 small animal 
holding units. 

ADVANCED TECHNOLOGY 

1. life Support Hardware Testing in Zero G 

Test condensers, vapor oycle units, sterilizers, C0 2 reduction units, 
biopacks, pressure suits. 

Life Support Test Console. 

2. Effects of Space Inertial Forces an Gravity Sensitive Processes 

Examine mixed phased flows, mixing, heat transfer characteristics. 

Use PI developed hardware test apparatus. 

3. Man-Machine Testing of Advanced Designs 

Measure man's performance in EVA, systems design, etc. Use psycho< 
motor performance console, Spacelab CRTAeyboard, etc. 

Evaluate Teleopezator technology. 



E. SUPPORTIVE SERVICES 


Microscopy - Compound mieroscope for dark field, brightfield, phase contrast. 
Dissecting microscope. Microscope accessory kit includes polarizing 
equipment, filters, photographic and video attachments. 

Photography - Cine film, 35 mm, polaroid. 

Visual Records - Strip chart recorder (2 -channel), digital display oscilloscope, 
CRT/camera. 

Preservation - Cryogenic freezer (quick-freezer), -70° & -20°C freezers, 

4°C refrigerator. 

Mass Measurement - Human mass device, macro mass measurement device 
(5 g to 2 kg) and micro mass measurement device (1 mg to 5 g). 
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DEDICATED LABORATORY MOD IIB 
SCIENCE RATIONALE & RESEARCH CAPABILITY 


SCIENCE RATIONALE 

Dedicated Lab MOD OB is a 7-day space biology emphasis mission for Shuttle/ 

Spacelab. Research will be performed to advance our knowledge of the role of gravity, 
magnetism and radiation in the life processes of a wide variety of biological material 
ranging from cells to multicellular animals . 

Major objectives of the research are: 

To advance our knowledge of the role of gravity in the life processes and the 
capability of terrestrial organisms to adapt to gravitational changes. 

To understand the basic nature of biological rhythms in terrestrial organisms 
and their influence on life processes. 

To determine and assess the biological implications of galactic cosmic HZE 
particles for developing realistic radiation exposure guidelines and providing 
protective and/or preventive measures against particle radiation hazards for 
long duration space missions. 

To determine the potential applications and to develop the techniques to utilize 
new advances in biological theories and space technology gained from research 
in the unique environment of space for space exploration and for the benefit of 
mankind. This includes cross-utilization of information between scientific 
disciplines, especially by means of flight experiments of mutual interest and/or 
applicability to different disciplines. 

To assess the possible synergistic effects of gravity, magnetism and radiation 
on life's origin and evolutionary processes. 

RESEARCH CAPABILITY SYNOPSIS - Area/Functions/Measurements/Major Equipment 
A. SPACE BIOLOGY 

To permit detailed invasive and statistical studies in the various biological areas 
of interest, this laboratory contains the bolding facilities support equipmait and 
monitoring instrumentation for the following populations: 

Primates - 2 Holding units (1 primate each) 

Small Vertebrates - 2 Holding units (16 rats, hamsters, fowl, etc.) 
Plants - 2 Holding units 
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Invertebrates - 2 Holding units 

Cells/ Tissues - 2 Holding units 

1. Cellular & Molecular Biology 

Density dependent growth/development processes . Wound repair rates , 
membrane electrolyte transport. 

Genetic alterations In zero-g. Cell mutosis, chromosome aberrations, 
cell divisions. 

2. Lower Vertebrate Biology 

Basic mechanisms of physiological adaptation, growth, development and 
reproduction in zero-g. Circadian rhythm studies. Metabolic monitoring, 
physiological monitoring, histological preparations, surgery, environ- 
mental monitoring. 

3. Higher Vertebrate Biology 

invasive studies in altered vascular flow volume and pressure relation- 
ships, absence or presence of myocardial degeneration, absolute catabolic 
effects of zero-g on musculoskeletal system, mechanical and neural 
responses of the vestibular system to space environment stimuli and 
hematological collect, preservation and analysis. 

Use of work and surgery bench. 

4. Invertebrate Biology 

Basic mechanisms of physiological adaptation, growth, development and 
reproduction in zero-g. Complete life cycle studies. Monitor behavior 
patterns, activity cycles , growth rates, morphology. Histological 
preparations. 

5. Plant Biology 

Study basic mechanisms of growth, development and reproduction in 
zero-g. Geotropism, morphology, photosynthetic activity, productivity. 

6. Radiobiology 

Biological effects of HZE particle irradiation. HZE particle detection. 
Exposure of small animals, plants, tissue cultures to HZE radiation. 
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B. SUPPORTIVE SERVICES 


Microscopy - Compound microscope for dark field, bright field, phase contrast. 
Dissecting microscope. Microscope accessory kit includes polarizing 
equipment, filters, photographic and video attachments. 

Photography - Cine film, 35 mm, Polaroid. 

Visual Records - Strip chart recorder (2 -channel), digital display oscilloscope, 
CRT/camera. 

Preservation - Cryogenic freezer (quick -freezer), -70° & -20°C freezers, 

4°C refrigerator. 

Mass Measurement - Macro mass measurement device (5 g to 2 kg) * 
and micro mass measurement device (1 mg to 5 g). 
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DEDICATED LABORATORY MOD BC 
SCIENCE RATIONALE & RESEARCH CAPABILITY 

SCIENCE RATIONALE 


Dedicated Lab MOD HC is a 30-day space biology emphasis mission for Shuttle/ 
Spacelab. Research will be performed to advance our knowledge of the role of gravity, 
magnetism and radiation in the life processes of a wide variety of biological material 
ranging from cells to multicellular animals. 

Major objectives of the research are: 

To advance our knowledge of the role of gravity in the life processes and the 
capability of terrestrial organisms to adapt to gravitational changes. 

To understand the basic nature of biological rhythms in terrestrial organisms 
and their influence on life processes. 

To determine and assess the biological implications of galactic cosmic HZE 
particles for developing realistic radiation exposure guidelines and providing 
protective and/or preventive measures against particle radiation hazards for 
long duration space missions. 

To determine the potential applications and to develop the techniques to utilize 
new advances in biological theories and space technology gained from research 
in the unique environment of space for space exploration and for the benefit of 
mankind. This includes cross -utilization of information between scientific 
disciplines, especially by means of flight experiments of mutual interest and/or 
applicability to different disciplines. 

To assess the possible synergistic effects of gravity, magnetism and radiation 
on life's origin and evolutionary processes. 

RESEARCH CAPABILITY SYNOPSIS - Area/Functions/Measurements/Major Equipment 
A. SPACE BIOLOGY 


To permit detailed invasive and statistical studies in the various biological areas 
of interest, this laboratory contains the holding facilities support equipment and 
monitoring instrumentation for the following populations: 

Primates - 2 Holding units (1 primate each) 

Small Vertebrates - 2 Holding units (16 rats, hamsters, fowl, etc.) 
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1. Cellular & Molecular Biology 

Density dependent growth/development processes. Wound repair rates, 
membrane electrolyte transport. 

Genetic alterations In zero-g. Cell mutosis, chromosome aberrations, 
cell divisions. 

2. Lower Vertebrate Biology 

Basic mechanisms of physiological adaptation, growth, development and 
reproduction in zero-g. Circadian rhythm studies. Metabolic monitoring, 
physiological monitoring, histological preparations, surgery, environ- 
mental monitoring. 

3. Higher Vertebrate Biology 

Invasive studies in altered vascular flow volume and pressure relation- 
ships, absence or presence of myocardial degeneration, absolute catabolic 
effects of zero-g on musculoskeletal system, mechanical and neural 
responses of the vestibular system to space environment stimuli and 
hematological collect, preservation and analysis. 

Use of work and surgery bench. 

4. Radiobiology 

Biological effects of HZE particle Irradiation. HZE particle detection. 
Exposure of small animals to HZE radiation. 

B. SUPPORTIVE SERVICES 

Microscopy - Compound microscope for dark field, bright field, phase contrast. 
Dissecting microscope. Microscope accessory kit includes polarizing 
equipment, filters, photographic and video attachments. 

Photography - Cine film, 35 mm, polaroid. 

Visual Records - Strip chart recorder (2-channel), digital display oscilloscope, 
CRT/camera. 

Preservation - Cryogenic freezer (quick-freezer), -70° & -20°C freezers, 

4°C refrigerator. 

Mass Measurement - Macro mass measurement device 

(5 g to 2 kg) and micro mass measurement device (1 mg to 5 g). 
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DEDICATED LABORATORY MOD mB 
SCIENCE RATIONALE & RESEARCH CAPABILITY 


SCIENCE RATIONALE 

Dedicated Lab MOD UIB is a 30 -day space biology emphasis mission for Shuttle/ 
Spacelab. Research will be performed to advance our knowledge of the chronic 
effects of gravity, magnetism and radiation in the life processes of multicellular 
animals. A Bioresearch Centrifuge in the laboratory permits 1-g control organisms 
to be studied along with their zero-g counterparts. 

Major objectives of the research are: 

To advance our knowledge of the role of gravity in the life processes and the 
capability of terrestrial organisms to adapt to gravitational changes . 

To understand the basic nature of biological rhythms in terrestrial organisms 
and their influence on life processes. 

To determine and assess the biological implications of galactic cosmic HZE 
particles for developing realistio radiation exposure guidelines and providing 
protective and/or preventive measures against particle radiation hazards for 
long duration space missions. 

To determine the potential applications and to develop the techniques to utilize 
new advances in biological theories and space technology gained from research 
in the unique environment of space for space exploration and for the benefit of 
mankind. This includes cross-utilization of information between scientific 
disciplines, especially by means of flight experiments of mutual interest and/or 
applicability to different disciplines. 

To assess the possible synergistic effects of gravity, magnetism and radiation 
on life's origin and evolutionary processes. 

RESEARCH CAPABILITY SYNOPSIS - Area/Functioms/Measurements/ Major Equipment 
A. SPACE BIOLOGY 


To permit detailed invasive and statistical studies in the various biological 
areas of interest, this laboratory contains the holding facilities, support 
equipment and monitoring instrumentation for the following populations: 

Small Vertebrates - 2 holding units (16 rats, hamsters, . fowl, etc.) 
in laboratory; 16 holding stations in Centrifuge. 
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1. Small Vertebrate Biology 

Invasive studies in altered vascular flow volume and pressure relation- 
ships, absence or presence of myocardial degeneration, absolute cata- 
bolic effects of zero-g on musculoskeletal system, mechanical and 
neural responses of the vestibular system to space environment stimuli 
and hematological collect, preservation and analysis. 

Basic mechanisms of physiological adaptation, growth, development and 
reproduction in zero-g. Circadian rhythm studies. Metabolic monitor- 
ing, physiological monitoring, histological preparations, surgery, 
environmental monitoring. 

2. Bioreeenrch Centrifuge 

A 3.88 m diameter centrifuge permits 1-g control organisms on-board 
to compare with zero-g test organisms. Capability of 16 small animal 
holding units. 

B. SUPPORTIVE SERVICES 


Microscopy - Compound microscope for dark field, bright field, phase contrast. 
Dissecting microscope. Microscope accessory kit includes polarizing 
equipment, filters, photographic and video attachments. 

Photography - Cine film, 35 mm, polaroid. 

Visual Records - Strip chart recorder (2 -channel), digital display oscilloscope, 
CRT/camera. 

Preservation - Cryogenic freezer (quick-freeze), -70° & -20°C freezers, 

4°C refrigerator. 

Mass Measurement - Macro mass measurement device (5 g to 2 kg) and 
micro mass measurement device (1 mg to 5 g). 
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APPENDIX C 

LABORATORY AND BIORESEARCH CENTRIFUGE LAYOUT DRAWINGS 

This appendix contains the major drawings produced in the study. They are presented 
in the following order: 

Laboratory 

Mini-lab ML-1A 
Mini-lab ML-2A 
Mini -lab ML-3A 
Mini-lab ML-4A 
Mini-lab ML-5A 
Mini -lab ML-2B 
Mini-lab ML-2C 
Mini-lab ML-2D 
Dedicated MOD IA 
Dedicated MOD HA 
Dedicated MOD IIIA 
Dedicated MOD IIB 
Dedicated MOD lie 
Dedicated MOD IIIB 

Bioresearch Centrifuge 

Accommodation Concept A 
Accommodation Concept B 
Accommodation Concept C 
Accommodation Concept D 
Accommodation Concept E 
Accommodation Concept F 
Detail Design A 
Detail Design B 
Detail Design D 

The numbers given in the laboratory drawings refer to the equipment Item (El) number. 
The identification and characteristics of each El are found in the respective laboratory 
equipment listing in Appendix B. The units labeled "1, " "9, "and "10, "however, 
are Spacelab hardware — electrical power switch panel, dc-converter and remote 
acquisition unit (RAU), respectively. 
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DEDICATED MOD H B 
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BENCH RACK 
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REPAIR, 
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CELLS/TISSUES, 
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BIOPHYS 

ANALYSIS 


PREPARATION/ 
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BIORESEARCH CENTRIFUGE ACCOMMODATION CONCEPT B 


E/P, SSg MEMT _ a (3 

" tzfirs) ‘ (21‘) 



• I J4- DIA CENTRIFUGE ACCOMMODATED <N 11 ‘EXTENSION TO EXIST N 6 
EXP. SEGMENT 

• SlNGt-E PIECE EXTENSION STRUCT. INCORPORATING END COME OR 
CYLINDRICAL EXTENSION STRUCT. PLUS EXISTING END COME , 
the latter, resulting in an additional sealed joint. 

• MO IMPACT ON EXISTING EXP. SEGMENT STRUCTURE OR SYSTEMS. 

. MO IMPACT OM EXISTING RACK CAPACITY OR CREW SPACE 

• MEW STRUCT. DESIGN TASK 10 TO is 

MEW STRUCT. FA U. TASK 5 TO 20 
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BIORESEARCH CENTRIFUGE ACCOMMODATION CONCEPT C 
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BIORESEARCH CENTRIFUGE ACCOMMODATION CONCEPT E 
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AXIAL LENGTH RESTRICTED TO APPRtfX. EV 2X ■NTEHW L STRUCTURE 

• niNlMAL JMPACTON STRUCTURE AND SYSTEMS 

• NO IMPACT ON EXISTING ItflCtf CAPACITY 

• MAJOR: CREW SPACE IMPEDIMENT 
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LABORATORY POWER AND ENERGY REQUIREMENTS 
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APPENDIX D 

LABORATORY POWER AND ENERGY REQUIREMENTS 

The power and energy requirements for the 16 life sciences laboratory concepts are 
given in this appendix. The payloads are covered in the following order. 

Type Designation 

Carry-On Col-2A 
Col -3 A 

Mini -Lab ML-lA (first Spacelab mission) 

ML-2A 

ML-3A 

ML-4A 

ML-5A 

ML-2B 

ML-2C 

ML-2D 

Dedicated MOD 1A 
MOD HA 
MOD OTA 
MOD IIB 
MOD nc 
MOD OTB 


1 1 


f 


1 


D-l 


POWER AND ENERGY REQUIREMENT SUMMARY 



e-a 


POWER AND ENERGY REQUIREMENT SUMMARY, CONTD 


i 


I A j; CODE: COL 3A OR PIT O EQUATIONS ASCENT KESCiXI 


f Equipment items 

Using Power 

Operating 
Power (Watts) 

On Time- 
Krs/Day 

Average 
On Duty 
Power 

Energy 

Peak Power Cons uni £ion 
Contribution W&i-Ju’S/fony 

. 

Watts 

! 

Walts ‘ 

81 Freezer (-20*C) 

f 

' 

1 

< 

i 

! 

10 

■ 

; 

i 

t 

i 

! 

24 

[ 

! i 

i i 

f ! 

10 

i 

— 

10 

i ? 

240 

i 

10 

1 

i 

! ! 

; l 

i i 

i 

! 

i 

i 

i 

i 

» 

1 

! 

\ 

i 


i 




Equipment [terns 
Using Power 

6A Airflow, Work Surface 
7A Auto, Poten. Elec. Analy. 
37 Camera, Video B/W 
40A Cent. Blood Sample 
51 F Coolant Loop, Liquid 
63C Display Numeric 

80 Freezer 

81 Freezer (Low Temp. ) 

114E Lamp. Fort. Hi lot. Photo. 
126 Microscope 

126J Microscope Ass. Kit 
13U OFO Exp. Pack (2) 

132 Oscilloscope 
153A RLC/Console 
156 Signal Conditioners (6) 
187AWoodlawa Wander 

TOTALS 


Estimated Crew Involvement 
~2 man-hrs/day during a 12-hour period 



■St 


URGY REQUIREMENT SUMMARY, CONTD 





j 


i 








POWER AND ENERGY REQUIREMENT SUMMARY, CONTD 


LAB CODE: ML-2A 


ORBIT OPERATIONS 


■ASCENT DESCENT 


91 

103B 
114E 
| 126 
126A 
1?6J 
132 
156 
165 
182P 
188 


Equipment Items 
Using' Power 

Air Part. Sampler 
Work Surface, Air Flow 
Auto. Poten. Elect- Anal. 
Cage - Rat (16) 

Camera, Video Color 
Cent. Blood Samp. 
Vacuum Cleaner 
Coolant, Loop Liq. 
Display, Numeric 
Freezer, Gen. 

Freezer, Low Temp. 
Refrigerator 
Mass Spec. 

Incubator 

Lamp* Port. Hi Int. 
Microscope, Comp. 
Microscope, Dissect. 
Microscope, Acc. Kit 
Oscilloscope 
Signal Cond. (12) 
Sterilizer Tool 
Vent. Unit, Sm. Vert. 
Work and Surgical Bench 


\ Ope rating 
* Power (Watts ) 


Payload Spec. - 8 man/hrs/day available 
On Duty - 12 hours 


On Time 
j H rs /Day 


} Off But; 


Average 
On Duty 
Power 
.83 

1.25 ■ 
8.33 
144 
2.88 

1.67 
.83 
50 

2 

66.67 
10 

16.67 
4.17 
5 

6.25 
.63 
8.33 
.63 
6.25 
24 

j 1.83 
! 40 
| 83.33 

486,05 
i Power - 


jPeak Power 
Contribution 


Energy j 
Consume ton; 

\V^t4irs4>ay J 

( 10.0 

I 15 
100 
1728 
34. 5 
20 
10 

1700 

24 

1600 

240 

400 

30 

120 

75 


Watts 


1944 

E374.5 -486. 
12 


8374.5 
05 x 12 


POWER AND ENERGY REQUIREMENT SUMMARY, CONTD 



LAB CODE: 

ML-3A 


ORBIT OPERATIONS 

ASCENT 

DESCENT 






Average 


Energy 




Equipment Items 


Operating 

On Time 

On Duty 

Peak Power 

Consumption 




Using Power 


Power (Watts) 

Hrs/Day 

Power 

Contribution 1 

tV^t-hr s/Day 

Watts 

Watts 

6A 

Work Surface Air Flow 


75 

.2 

1.25 


15 

0 

0 

7A 

Auto* Pot. Elec* Analy, 


100 

1.0 

8.33 

100 

100 

0 

0 

37 

Video, Camera B/W 


15 

.5 

.63 


7.5 

0 

0 

3SF 

Cardiopul* Anal. 


200 

1 

16.67 

200 

200 

0 

0 

40A 

Cent. Blood Sampler 


100 

.2 

1.67 

100 

20 

0 

0 

51 F 

Coolant, Loop Liq. 


50 

24 

50 

50 

1200 

0 

0 

63C 

Display, Numeric 


2 

12 

2.0 

2 

24 

0 

0 

70E 

Physio. Exer. Equiment 


18 

4 

6 

18 

72 

0 

0 

80 

Freezer, Gen* 


200 

8 

66.67 

200 

1600 

0 

0 

81 

Freezer, Low Temp. 


10 

24 

10 

10 

240 

10 

10 

83 

Refrigerator 


50 

8 

16.67 

50 

400 

0 

0 

132 

Oscilloscope 


75 

1.0 

6*25 


75 

0 

0 

156 

Signal Conditioners (6) 


12 

24 

12.0 

12 

288 

0 

0 

182 

V.C.G. Coupler 


2 

4 

.67 


8 

0 

0 




859 


198.81 

742 

4249,5 

10 

10 




Off Duly Pot 

ver - 424£ 

.5-198.8 

lx 12 =155. 

J 



, Payload Specialist * 8 manors /day available 



12 





On Duty 12 hours 



j 

1 

i 

1 

i 

l 

1 

j 

1 

| 

1 

i 

i | 

j 


' 




r’ « ■; 'ii|i 


ik- ' [ i,. -J_ 'm ■ ■ U : u ; jiii ;i* _ . l . 


POWER AND ENERGY REQUIREMENT SUMMARY, 

CONTD 


lJVis com:: ML-4A 

ORBIT OPERATIONS 

ASCENT ? DESCENT' 

• i j 

Average 

Energy 

1 

Equipment Items j Operating On Time 

On Duty 

Peak Power Consumption 

i 

Using Power (Power (Watts) *Hrs/Day | 

Power 

Contribution WEtl-hrs/t)ay 
— — — 

Watts ' Watts | 


32 

Camera, Cine 

37 

Camera, Video B/W 

48 

Cleaner, Vacuum 

63C 

Display, Numeric 

76J 

Flowmeter (4> 

83 

Refrigerator 

87 

Gas Analyzer, Infra. 

91 

Mass Spectrometer 

114E 

Lamp, Port. Photo 

122 

Mass Meas. Device 


y Power 


93 x 12 


Payload Spec. 8 m an /hr s /day available 
On Duty = 12 hours 
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD 


LAC CODE: ML-5A 


ORBIT OPERATIONS 


ASCENT !)i:S{i:Ni 


Equipment Items 
Using; Power 


38 

Camera, Video Color 

! 69 

38D 

Camera, Video Timer 

! 10 

114E 

Lamp, Portable Photo 

i 150 


Operating 
j Power (Watts) 


\ Average 
On Time t On Duty 
■Mrs /Day ‘Power 


Energy 
jPeak Power Consumption 
Contribution Wrtt-hr S/Day 


Payload Spec* - B man /hr 8 /day avafable 
On duty 12 hours 


229 


Off Duty Power - 458 


11*5 

1.67 

25 


38.17 


h 38. 17 x 


12 


69 

10 

150 


229 


t2 =0 


138 

20 

300 


458 


Walts Watts I 

0 
0 


o ” ; o 






POWER AND ENERGY REQUIREMENT SUMMARY, CONTD 



LAB CODE: ML-2B j 

ORBIT OPERATIONS 

msssm 





i 

1 Average 


Energy 



\ 

Equipment Items 

Operating 

On Time lOn Duty 

Peak Power 

Consumption 




Using Power 

Power (Watts) 

Hrs/Day 

Power 

Contribution 

V^tt-hr s/Day 

Watts 

Watts 

6 

Air Part. Samp* Collector 

50 

.2 



10 

0 

0 

6A 

Work Surface, Air Flow 

75 

.2 



15 

0 

0 

7A 

Auto. Poten. Elec. Anal. 

100 

1.0 

8.33 

100 

100 

0 

0 

38 

Camera* Video Color 

69 

.5 

2.88 

69 

34.5 

0 

0 

40A 

Cent. Blood Samp. Proe. 

100 

w 2 

1.67 


20 

0 

0 

48 

Vacuum Cleaner 

100 

.1 

.83 


10 

0 

0 

51F 

Coolant Loop, Liq. 

50 


50 

50 

1200 


0 

63C 

Display* Numeric 

2 

12 

2 

2 

24 

0 

0 

80 

Freezer* Gen. 

200 

8 

66.67 

200 

1600 

0 

0 

81 

Freezer* Low Temp. 

10 

24 

10 

10 

240 

10 

10 

83 

Befrigerator 

50 

8 

16.67 

50 

400 

0 

0 

91 

Mass Spectrometer 

50 

1.0 

4.17 

50 

50 

0 

0 

101B 

Holding Unit, Monkey Pod (2) 

200/60 

12/12 

200 

200 

3120 

60 

60 

103B 

Incubator 

5 

24 

5 

5 

120 

0 

0 

114E 

Lamp* Poi$. Hi Int. 

150 

.5 

6.25 

150 

75 

0 

0 

126 

Microscope* Compound 

15 

.5 

.63 


7.5 

0 

0 

126J 

Microscope, Acc. Kit 

15 

.5 

.63 


7.5 

0 

0 

132 

Oscilloscope 

75 

1.0 

6.25 


75 

0 

0 

150B 

Receiver 

10 

24 

10 

10 

240 

0 

0 

156 

Signal Conditioners (6) 

12 

24 

12 

12 

288 

0 

0 

165 

Sterilizer, Tool 

110 

.2 

1.83 


22 

0 

0 

182P 

Ventilation Unit (2) 

80 

24 

80 

80 

1920 

80 

80 



1528 


487.89 

988 

9578. 5 

150 

150 




Off Duty 

Power - 9 

578.5 - 487.8 

9 x 12 = 310. 

3 


Payload Spec. - 8 man/hrs/day available 




12 





On Duty 12 hours 
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD 


LA Ij CODE: ML“ 2C 



Equipment items 

< i ; .v .--.ciing 


Using Power 

Pj-Aer iW'rwis) 

6 

Air Part* Sampler 

50' 

6A 

Work Surface Air Flow 

75 

7A 

Auto. Foten. Elec. Analy. 

100 

30A 

Cage, Rat (16) 

144 

38 

Camera, Video Color 

69 

4QA 

Cent. Blood Samp* 

100 

48 

Vacuum, Cleaner 

100 

50 

Clinostat 

10 

51F 

Coolant Loop, Liq* 

50 

54 

Colony Counter 

50 

63C 

Display, Numeric 

2 

80 

Freezer, Gen. 

200 

81 

Freezer, low Temp. 

10 

83 

Refrigerator 

50 

01 

Mass Spectrometer 

50 

98A 

Holding Unit C/T 

50 

103B 

Incubator 37*C 

5 

114E 

Lamp, Port. Hi Int. 

150 

126 

Microscope Acc* Kit 

15 

126A 

Microscope, Dissect* 

100 

126J 

Microscope, Comp. 

15 

132 

Oscilloscope 

75 

138 

pH Meter 

20 

156 

Signal Conditions (12) 

24 

165 

Sterilizer, Tool 

110 

182P 

Ventilation Unit, Sm. Vt. 

40 

187A 

Woo diawn Wanderer 

25 

188 

Work and Surgical Bench 

1000 



2609 


Payload Spec. - S man/hrs/day availability 
On Duty - 12 hours 
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD 



LMU’OnK: ML-2D 



ORBIT OPE RATIONS 

ASCENT 

DilSCKXJ'j 


Equipment Items 
Using Power 

Operating 
Power (Watts) 

On Time 
Hrs/Day 

Average 
On Duty 
Power 

Peak Power 
Contribution 

Energy 

Consumption 

iVttt-hrs/Day 

Watts 

Watts 

6 

Air Part. Sampler 

50 

.2 

.83 


10 

0 

0 

6A 

Air Flow, Work Surface 

75 

\2 

1.25* 


15 

0 

0 

7A 

Auto. Poten. Elec. Analy. 

100 

1.0 

8.33 

100 

100 

0 

0 

30A 

Cage, Bat (16) 

144 

12 

144 

144 

1728 

0 

0 

38 

Camera, Video Color 

69 

.5 

2.88 

69 

34.5 

0 

0 

40A 

Cent. Blood Samp. Proc. 

100 

.2 

1.67 


20 

0 

0 

48 

Cleaner, Vacuum 

100 

.1 

.83 


10 

0 

0 

50 

Clinostat 

10 

24 

10 

10 

240 

0 

0 

5IF 

Coolant Loop, Liq. 

50 

24 

50 

50 

1200 

0 

0 

54 

Colony Counter 

50 

.5 

2.08 


25 

0 

0 

63C 

Display, Numeric 

2 

12 

2 

2 

24 

0 

0 

80 

Freezer, Gen. 

200 

8 

66.67 

200 

1600 

0 

0 

81 

Freezer, Low Temp. 

10 

24 

10 

10 

240 

10 

10 

83 

Refrigerator 

50 

8 

16.67 

50 

400 

0 

0 

' 91 

Spectrometer, Mass 

50 

1.0 

4.17 


50 

0 

0 

93 

Gas Analyzer, H2O Vapor 

6 

24 

6 

6 

144 

0 

0 

98A 

Holding Unit C/T 

50 

12 

50 

50 

600 

0 

0 

98C 

Holding Unit Invert. 

50 

12 

50 

50 

600 

0 

0 

101 

Holding Unit, Plants 

500 

12 

500 

500 

6000 

187 

187 

103 B 

Incubator 37 C C 

5 

24 

5 

5 

120 

0 

0 

114E 

Lamp, Port. , Hi lot. 

160 

.5 

6.25 

150 

7*5 

0 

0 

126 

Microscope Acc. Kit. 

15 

.5 

.63 


7.5 

0 

0 

126A 

Microscope, Dissect. 

100 

1.0 

8.33 

100 

100 

0 

0 

126J 

Microscope Comp. 

15 

.5 

.63 


7.5 

0 

4 

0 

132 

Oscilloscope 

75 

1.0 

6.25 


75 

0 

0 

138 

pH Meter 

20 

.1 

.17 


2 

0 

0 

156 

Signal Conditions (12) 

24 

24 

24 

24 

576 

0 

0 

165 

Sterilizer, Tool 

no 

.2 

1.83 


22 

0 

0 

182P 

Ventilation Unit, Vertical 

40 

24 

40 

40 

960 

40 

40 

187A 

Woodland Wanderer 

15 

24 

15 

15 

360 

15 

15 

188 

Work & Surgical Bench 

1000 

1 

83.33 

1000 

1000 

0 

0 

TOTALS 

Pavload Sueeialist - 8 man/hr s /da v available 

3235 

O 

jsf Duty Po 

f 

I 

t 

t 

l 

1118.80 
ver = 163< 

2625 

5.5 - 1118.81 

16345.5 
> x 12 — 243* l 

252 

13 

252 

I 

On Duty - 12 hours 


12 

i 

! 

I 

1 

1 





POWER AND ENERGY REQUIREMENT SUMMARY, CONTD 


LAB CODE: MOD 1A 


ORBIT OPERATIONS 


SCENT DESCENT 


, Equipment Items 

; Using Power 

Operating 
Power (Watts) 

On Time 
Hrs/Day 

Average 
On Duty 
Power 

Energy 

Peak Power Consumption 
Contribution )V££hrsyDay 

1A 

Accelerometer Coupler (3) 

3 

24 

3 

3 

72 

6 

Air Particle Sampler 

50 

- 4 

1.7* 


20 

6A 

Airflow Work Surface 

75 

. 5 

3.32 


37.5 

7 

Autoanalyzer 

200 

1.0 

16. 66 

200 

200 

7A 

Auto Potentiometer Elec. Analysis 

100 

1.0 

8.34 


100 

16F 

Ballistocardiogram Coupler 

1 

1-0 

.08 


1 

19D 

Body Mass Measuring Device 

15 

-2 

.26 


3 

30A 

Cage, Hat (16) 

144 

12 

144 

144 

1728 

31 

Calculator, Pocket 

5 

1.0 

.42 


5 

32 

Camera, Cine 

13 

.5 

.54 


6.5 

32A 

Camera, Controller 

100 

12 

100 

100 

1200 

37 

Camera, Video B/W 

15 

12 

15 

15 

180 

38 

Camera, Video, Color 

69 

.5 

2.88 

69 

34-5 

38D 

Camera Timer, Video 

10 

-5 

.42 

10 

5 

38F 

Cardiopulmonary Analyzer 

200 

1.0 

16.66 


200 

40A 

Centrifuge, Blood Sample Processor 

100 

.4 

3.34 


40 

48 

Cleaner, Vacuum 

100 

.4 

3.34 


40 

50A 

Clinostat C/T 

10 

24 

10 

10 

240 

SOB 

Compactor (Solids) 

100 

.05 

.42 


5 

51F 

Coolant Loop, Liquid 

50 

24 

50 

50 

1200 

54 

Colony Counter (Manual) 

50 

.5 

2.08 


25 

63B 

Display Keyboard Portable 

60 

1.0 

5.0 


60 

63C 

Display, Numeric (2) 

4 

12 

4.0 

4 

48 

64 

ECG Coupler (12) 

24 

24 

24 

24 

576 

65 

EEG Coupler (4) 

8 

24 

8 

8 

192 

66C 

Electrophys. Receiver 

5 

1.0 

.42 


5 

66 

EMG Coupler (6) 

12 

24 

12 

12 

288 

70 E 

Exercise Equip. , Physiol. 

18 

4 

6 


72 

76J 

Flowmeter, Gas (4) 

16 

, 5 

.66 


8 

77B 

Freezer, Cryo 

10 

24 

10 

10 

240 

80 

Freezer, General 

200 

8 

66.67 

200 

1600 

81 

Freezer, Low Temp- 

10 

24 

10 

10 

240 

83 

Refrigerator 

50 

8 

16. 67 

50 

400 

91 

Gas Analyzer, Mass Spec* (2) 

j 

50 

12 

100 

100 

1200 
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD 


LAB CODE: MOD 1A (Cont’d] 


ORBIT OPERATIONS ' 

ASCENT 1 DESCENT! 

Equipment Items 

Operating \ 

| Average 
On Time ,Gn Duty 

Energy 

Peak Power Consumption 

1 

i 

i 1 

( Using Power 

Power (Watts) 

1 Hrs /Da v J Power 

i — , — , — i 

[Contribution Wrtthr s/Day 

Watts | Watts j 


Gas Analyzer, RH 
Holding Unit C &T (2) 

Holding Unit - Primate (4) 

Incubator 

Lamp, Portable HI. Int. Photo. 

LBNP 

Mass Meas. Device (Macro) 

Mass Meas. Device (Micro) 

Microscope, Comp. 

Microscope, Dissecting 
Microscope, Access. Kit 
Oscilloscope 
PH Meter 

Photocell Coupler (12) 

Plethy sinograph, Limb 
Pressure Coupler (4) 

Radiation Count - Biochemical 
Receiver, Biotelemetry 
Rotating Litter Chair/Console 
Signal Conditioners (12) 

So Docardiogram 
Sterilizer, Autoclave 
Sterilizer, Tool 
Temperature Block 
Thermometer (Electronic) 

Transducer, Pressure (4) 

Vec to cardiogram Coupler 
Ventilation Unit - Vertical (5) 

Work and Surgical Bench 

TOTALS 

On Duty is considered 12 hours. 

Off Duty Average Power = 26, 907 - 1569. 96 x 


6 

24 

6 

6 

144 

60 

24 

60 

60 

1440 

400/120 

12/12 

400 

400 

6240 

5 

24 

5 

5 

120 

150 

.5 

6.16 

150 

75 

26 

,4 

.86 


10.4 

15 

.3 

.38 


4.5 

15 

.3 

.38 


4.5 

15 

* 5 

-62 | 


7-5 

100 

1.0 

8 - 34 

100 

too 

15 

.5 

.62 


7.5 

75 

1.0 

6.26 


75 

20 

.3 

.50 


6 

24 

24 

24 

24 

576 

5 

.5 

o 

CM 

ft 


2.5 

8 

24 

8 

8 

192 

90 

.5 

3.76 


45 

10 

24 

10 

10 

240 

127 

• 4 

4.24 


50.8 

24 

24 

24 

24 

576 

12 

1*0 

1.0 


12 

300 

1*5 

37.5 


450 

110 

.4 

3-66 


44 

200 

1.5 

25 

2*0 

300 

14 

• 2 

-24 


2.8 

4 

24 

4 

4 

96 

2 

1.0 

.16 


2 

200 

24 

200 

200 

g 

4800 

1000 

1-0 I 

83.34 

1000 j 

1000 

4909 


1569.96 i 

3210 ' 

26907 


671.29 


POWER AND ENERGY REQUIREMENT SUMMARY, CONTD 


LAB CODE: MOD IIA \ 

ORBIT OPERATIONS ! 

ASCENT DESCENT- 





Average 


Energy 




Equipment Items 

Operating 

On Time 

On Duly 

Peak Power 

Consumption 




Using Power 

Power (Watts) 

Hrs/Day 

Power 

Contribution Wsttbrs/Day 

Watts 

Watts 

1A 

Accelerometer Coupler (3) 

3 

24 

3 

3 

72 



6 

Air Particle Sampler 

50 

.4 

1.76 


20 



6A 

Airflow Work Surface 

75 

.5 

3.12 


37.5 



7 

Auto analyzer 

200 

1.0 

16.66 

200 

200 



7A 

Auto Potentiometer Elec. Analysis 

100 

1.0 

8.34 


100 



16F 

Ballistocardiogram Coupler 

1 

1.0 

.06 


1 



19D 

Body Mass Measuring Device 

15 

.2 

.26 


3 



26B 

Cage, Metabolic Pit. (2) 

60 

24 

60 

60 

1440 


60 

30A 

Cage, Rat (16) 

144 

12 

144 

144 

1728 



31 

Calculator, Pocket 

5 

1.0 

.42 


5 



32 

Camera, Cine 

13 

.5 

.54 


6.5 



32A 

Camera, Controller 

100 

12 

100 

100 

1200 



37 

Camera, Video B/W 

15 

12 

15 

15 

180 



38 

Camera, Video, Color 

69 

.5 

2.88 

60 

34.5 



38D 

Camera Tinker, Video 

10 

.5 

.42 

10 

5 



38F 

Cardiopulmonary Analyzer 

200 

1.0 

16.66 


200 



40A 

Centrifuge, Blood Sample Processor 

100 

.4 

3.34 


40 



48 

Cleaner, Vacuum 

100 

.4 

3.34 


40 

1 

| 


50A 

Clinoatat C/T 

10 

24 

10 

10 

1 240 



50 

Clinostat Plants 

10 

24 

10 

10 

240 



SOB 

Compactor (Solids) 

100 

.05 

.42 


5 



51F 

Coolant Loop, Liquid 

50 

24 

50 

50 

1200 



54 

Colony Counter (Manual) 

50 

.5 

2.08 


25 



63B 

Display Keyboard Portable 

60 

1.0 

5.0 


60 



63C 

Display, Numeric (2) 

4 

12 

4.0 

4 

48 



64 

ECG Coupler (16) 

32 

24 

32 

32 

768 

12 

12 

65 

EEG Coupler (6) 

12 

24 

12 

12 

288 

4 

4 

65C 

Electropbys. Receiver 

5 

1.0 

.42 


5 



66 

EMG Coupler (8) 

16 

24 

16 

16 

384 

6 

6 

TOE 

Exercise Equip. , Physiol, 

18 

4 

6 


72 



76J 

Flowmeter, Gas (6) 

24 

.5 

1.0 

i 

12 



77B 

Freezer, Cryo 

10 

! 24 

10 

^ 10 

j 240 

10 

10 

50 

Freezer, General (2) 

400 


■133.33 

; 400 

| 3200 



81 

Freezer, Low Temp. 

10 

[ 24 

5 10 

10 

i 240 

\ 10 

10 

- 83 

Refrigerator (2) 

100 

* 8 

33.33 __ 

* 100 

800 1 

t 
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD 


LAE CODE: MOD IIA (Cont'd 

) 

ORBIT OPERATIONS | 


descent) 

Equipment Items 
Using Power 

Operating 
Power (Watts) 

On Time 
Hrs/Day 

Average 
On Duty 
Power 

Energy 

Peak Power Consumption 
Contribution Wattbrs/Day 

Watts 

Watts 

91 Gas Analyzer* Mass Spec. (2) 

100 

12 

100 

100 

360 

50 

50 

93 Gas Analyzer, RH 

6 

24 

6 

6 

144 



S8A Holding Unit C&T (2) 

60 

24 

60 

60 

1440 



98C Holding Unit Invt. (2) 

100 

12 

100 

100 

1200 



101 Holding Unit Pit. (2) 

1000 

12 

1000 

1000 

12000 

374 

374 

101C Holding Unit - Primate (5) 

500/150 

12/12 

500 

500 

7800 

150 

150 

103 B Incubator 

5 

24 

5 

5 

120 



114E Lamp* Portable Hi* Int. Photo* 

150 

* 5 

6.16 

150 

75 



117 LBNP 

26 

.4 

.86 


10.4 



121 Mass Meas* Device (Macro) 

15 

. 3 

*38 


4*5 



122 Mass Meas. Device (Micro) 

15 

-3 

*38 


4.5 



126 Microscope, Comp. 

15 

* o 

.62 


7*5 



126A Microscope, Dissecting 

100 

X*0 

8 34 

100 

100 



126J Microscope, Access* Kit 

15 

* 5 

.62 


7.5 



132 Oscilloscope 

75 

1-0 

6*26 


75 



138 PH Meter 

20 

*3 

.50 


6 



138 B Photocell Coupler (12) 

24 

24 

24 

24 

576 



139 Plethysmograph, Limb 

5 

*5 

.20 


2*5 



144 Psycho mo tor Per* Cons* 

15 

.5 

1.25 


7.5 



143G Pressure Coupler (4) 

8 

24 

8 

8 

192 



147 Radiation Count. -Biochemical 

90 

.5 

3*76 


45 



150B Receiver, B tote leme try 

10 

24 

10 

10 

240 



153 A Rotating Litter Chair/Console 

127 

.4 

4.24 


50.8 



156 Signal Conditioners (16) 

32 

24 

1 

32 

32 

768 



156F Sonocardlogram 

12 

1*0 

1*0 | 


12 



162 Sterilizer, Autoclave 

300 

1*5 

37*5 


450 



165 Sterilizer, Tool 

110 

.4 

3.66 


44 



179 Temperature Block 

200 

1*5 

25 

200 

300 



179D Thermometer (Electronic) 

14 

.2 

*24 


2.8 



181D Transducer, Pressure (4) 

4 

24 

4 

4 

96 



182J Vectocardiogram Coupler 

2 

1.0 

*!6 


2 



182P Ventilation Unit - Vertical (6) 

240 

24 

240 ! 

240 

5760 

240 

240 

188 Work and Surgical Bench 

1000 ! 

1*0 

83.34 i 

1000 

1000 



TOTALS 

6566 < 


j 2988.89 i 

4794 

4688.25 

856 

976 

! On Duty is considered 12 hours Off Duty Average Power 

.5-2988.89x 12 = 

U 

*18 
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD j 


LAB CODE: MOD III A 

ORBIT OPERATIONS » 

ASCENT 

DESCENT 





Average 


Energy 




Equipment Items 

Operating 

On Time 

On Duty 

Peak Power 

Consumjtion 



i 

r. . . 

Using Power 

Power (Watts) 

Hrs/Day 

Power 

Contribution 

1 

1 

£ 

Watts 

Watts 

1A 

Accelerometer Coupler (3) 

3 

24 

3 

3 

72 



6 

Air Particle Sampler 

50 

.4 

1* 76 


20 



6A 

Airflow Work Surface 

75 

.5 

3.12 


37.5 



11 

Analyzer, Gen. Spect'phot'r. 

250 

1 

20.5 

250 

250 



7 

Autoanalyzer 

200 

1.0 

16.66 

200 

200 



7A 

Auto Potentiometer Elec. Analysis 

100 

1.0 

8.34 


100 



16F 

Ballistocardiogram Coupler 

1 

1.0 

.02 


1 



19D 

Body Mass Measuring Device 

15 

.2 

.26 


3 



26A 

Cage, Metabolic C/T 

5 

24 

5 

5 

120 



26B 

Cage, Metabolic Pit. (2) 

60 

24 

60 

60 

1440 


60 | 

28 

Cage, Metabolic Rat 

20 

24 

20 

20 

480 


20 

30A 

Cage, Rat (16) 

144 

12 

144 

144 

1728 



31 

Calculator, Pocket 

5 

1.0 

.42 


5 



32 

Camera, Qne 

13 

.5 

.54 


6.5 



32A 

Camera, Controller 

100 

12 

100 

100 

1200 



37 

Camera, Video B/W 

15 

12 

15 

15 

180 



38 

Camera, Video, Color 

69 

.5 

2.88 

69 

34.5 



3SD 

Camera Timer, Video 

10 

.5 

.42 

10 

5 



3BF 

Cardiopulmonary Analyzer 

200 

1.0 

16.66 


200 



40A 

Centrifuge, Blood Sample Processor 

100 

.4 

3.34 


40 


i 

43A 

Centrifuge - Research A 

354/210 

12/12 

354 

354 

6768 



48 

Cleaner, Vacuum 

100 

.4 

3.34 


40 



50A 

Cllnostat C/T 

10 

24 

10 

10 

240 ; 



50 

CUnostat Plants 

10 

24 

10 

10 

240 ! 



SOB 

Compactor (Solids) 

100 

.05 

.42 


5 



51 F 

Coolant Loop, Liquid 

50 

24 

50 

50 

1200 



54 

Colony Counter (Manual) 

50 

.5 

2.08 


25 



63B 

Display Keyboard Portable 

60 

1.0 

5.0 


60 



63C 

Display, Numeric (3) 

6 

12 

6 

6 

72 



64 

ECG Coupler (24) 

48 

24 

48 

48 

1152 

12 

12 

65 

EEG Coupler (8) 

16 

24 

16 

16 

384 

4 

4 

6 6C 

Electrophys* Receiver 

5 

1.0 

.42 


5 



66 

EMG Coupler (10) 

20 

24 

20 

' 20 

480 

G 

6 

70E 

Exercise Equip. , Physiol. 

18 

i 4 

6 


72 



7GJ 

Flowmeter, Gas (6) 

24 

1 » 5 

1.0 


12 




i 

i 



POWER AND ENERGY REQUIREMENT SUMMARY, CONTD 


LAE CODE: MOD IIIA (Cont'd) 


Equipment Items 
Using Power 


Freezer, Cryo 
Freezer, General (2) 

Freezer, Low Temp. (2) 
Refrigerator ( 2 ) 

Gas Analyzer, Infrared 
Gas Analyzer, Mass Spec. (2) 
Gas Analyzer, RH 
Holding Unit C&T (2) 

Holding Unit, Invt. (2) 

Holding Unit, Pit* (2) 

Holding, Unit, Monkey Pod 
Holding Unit - Primate (I) 
Incubator 

Lamp, Portable Hi. Int. Photo. 
LBNP 

Mass Me as. Device (Macro) 
Mass Meas. Device (Micro) 
Microscope, Comp. 
Microscope, Dissecting 
Microscope, Access. Kit 
Oscilloscope 
PH Meter 

Photocell Coupler (12) 
Plethysmograph, Limb 
Pressure Coupler (4) 

Psycho motor Per. Cons. 
Radiation Count - Biochemical 
Receiver, Biotelemetry 
Rotating Litter Chair/Console 
Signal Conditioners (24) 

So nocard iogram 
Sterilizer, Autoclave 
Sterilizer, Tool 
Temperature Block 
> Thermometer (Electronic) 


Operating 
Power (Watts) 


20 

100 

50 

100 

6 

60 

100 

1000 

100/30 

100/30 

5 

150 

26 

15 

15 

15 

100 

15 

75 

20 

24 

5 

8 

15 

90 

10 

127 

48 

12 

300 


j ORBIT OPERATIONS j 


On Time 
Hrs/Day j 

Average 
On Duty 
(Power 

Energy 

Peak Power Consumption 
(Contribution Wafcthrs/Day 

Watts 



10 

! 133.33 
20 

33.33 

4.16 

100 

6 

60 
100 
I 1000 
100 
100 

i 5 

6.16 

.86 

.38 

.38 

.62 

8.34 

.62 

6.26 

.50 

24 

.20 

8 

1.25 

3.76 

10 

4.24 

48 

1.0 

37.5 

3.66 

25 


240 

3200 

480 

800 

25 

1200 

144 

1440 

1200 

12000 

1560 

1560 

120 

75 

10.4 

4.5 

4.5 

7.5 
100 

7.5 

75 

6 

576 

2.5 
192 

7.5 
45 

240 

50.8 

1152 

12 

450 

44 

300 
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD 


LAB CODE: IIIA (ContH) | 

ORBIT OPERATIONS ! 

ASCENT 

DESCENT 




Average 


Energy 



j Equipment items 

Operating 

On Time {On Duty 

Peak Power 

Consumption 



Using Power 

Power (Watts) 

Hrs/Day 

Power 

Contribution Wttt-hrs/Day 

Watts 

Watts 

181D Transducer, Pressure (4) 

4 

24 

4 

4 

96 



182J Ve cto card iogram Coupler 

2 

1.0 

.16 


2 


1 

182P Ventilation Unit - Vertical (3) 

120 

24 

120 

120 

2880 

120 

120 

1SB Work and Surgical Bench 

1000 

1.0 

83.34 

1000 

1000 



TOTALS 

6896 


3034. 55 

5056 

48189. 5 

656 

696 

On Duty is considered 12 hours. 








Off Duty Average Power = 48, 189. 5 - 3034. 55 

c 12 = 981.2 







12 








A For 182B in Centrifuge 43A 

320 

j 

320 

320 

i 1 

3840 

! 

i 

1 

1 





"T-f- 


• . ■ ; ,'1*^ 


POWER AND ENERGY REQUIREMENT SUMMARY. CONTD 


LAB CODE : MOD JIB 

l ORBIT OPERATIONS 

ASCENT 

■ DESCENT 





Average 


Energy 




Equipment Items 

Operating 

On Time 

On Duty 

[Peak Power 

Consumption 



i 

Using Power 

Power (Watts) 

Hrs/Day 

Power 

jContribution Wctthrs/Day 

Watts 

Watts 

1A 

Accelerometer Coupler (3) 

3 

24 

3 

3 

72 



6 

Air Particle Sampler 

50 

.4 

1.76 


20 



6A 

Airflow Work Surface 

75 

.5 

3.12 


37.5 



7 

Autoanalyzer 

200 

1*0 

1G.66 

200 

200 



7A 

Auto Potentiometer Elec. Analysis 

100 

1.0 

8.34 


100 



IGF 

Ballistocardiogram Coupler 

1 

1.0 

.08 


1 



19D 

Body Mass Measuring Device 

15 

.2 

.26 


3 



26B 

Cage, Metabolic Pit. (2) 

60 

24 

60 

60 

1440 


60 

28 

Cage, Metabolic Rat 

20 

24 

20 

20 

480 


20 

30A 

Cage, Rat (16) 

144 

12 

144 

144 

1728 



31 

Calculator, Pocket 

5 

1.0 

.42 


5 



32 

Camera, Cine 

13 

.5 

.54 


6.5 



32A 

Camera, Controller 

100 

12 

100 

100 

1200 



37 

Camera, Video B/W 

15 

12 

15 

15 

180 



38 

Camera, Video, Color 

69 

. 5 

2.88 

69 

34.5 



38D 

Camera Timer, Video 

10 

.5 

.42 

10 

5 



38F 

Cardiopulmonary Analyzer 

200 

1.0 

16*66 


200 



40A Centrifuge, Blood Sample Processor 

100 

.4 

3.34 


40 



48 

Cleaner, Vacuum 

100 

*4 

3.34 


40 



50A 

Clinostat C/T 

10 

24 

10 

10 

240 



50 

Clinostat Plants 

10 

24 

10 

10 

240 



SOB 

Compactor (Solids) 

100 

.05 

*42 


5 



51 F 

Coolant Loop, Liquid 

50 

24 

50 

50 

1200 



54 

Colony Counter (Manual) 

50 

.5 

2.06 


25 



63 B 

Display Keyboard Portable 

60 

1.0 

5.0 


ea 



C3C 

Display, Numeric (2) 

4 

12 

4.0 

4 

48 



64 

ECG Coupler (12) 

24 

24 

24 

24 

576 

12 

12 

65 

EEG Coupler (4) 

3 

24 

8 

8 

192 

4 

4 

66 

EMG Coupler (6) 

12 

24 

12 

12 

288 

6 

6 

70E 

Exercise Equip. , Physiol. 

18 

4 

6 


72 



76J 

Flowmeter, Gas (4) 

16 

.5 

.66 


8 



77B 

Freezer, Cryo 

10 

24 

10 

10 

240 

10 

10 

30 

Freezer, General 

200 

8 

66.67 

200 

1600 



31 

Freezer, Low Temp. 

10 

94 

10 

10 

240 

10 

10 

83 

Refrigerator 

50 

* i 

16*67 

50 

400 


! 
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POWER AND ENERGY REQUIREMENT SUMMARY. CONTD 


LAB CODE: MOD IIB (Cont tf) j 

ORBIT OPERATIONS | 

ASCENT 

DESCENT 




Average 


Energy 



Equipment Items 

Operating 

On Time 

On Duty 

Peak Power 

Consumption 



Using Power 

Power (Watts) 

Hrs/Day 

Power 

Contribution Watthrs/Day 

Watts 

Watts 

91 Gas Analyzer* Mass Spec. (2) 

100 

12 

100 

100 

1200 

50 

50 

93 Gas Analyzer, RH 

6 

24 

6 

6 

144 



98 A Holoing Unit C&T (2) 

60 

24 

60 

60 

1440 


60 

98C Holding Unit Invt. (2) 

100 

12 

100 

100 

1200 



101 Holding Unit Pit. (2) 

1000 

12 

1000 

1000 

12000 

374 

374 

lOlCHolding Unit - Primate (4) 

200/60 

12/12 

200 

200 

3120 

60 

60 

103 B Incubator 

5 

24 

5 

5 

120 



114E Lamp, Portable Hi. Int. Photo. 

150 

.5 

6.16 

150 

75 



117 LBNP 

26 

.4 

.86 


10.4 



121 Mass Meas. Device (Macro) 

15 

.3 

. 38 


4.5 



122 Mass. Meas. Device (Micro) 

15 

.3 

.38 


4.5 



126 Microscope* Comp. 

15 

. 5 

.62 


7.5 



126A Microscope* Dissecting 

100 

1.0 

8.34 

100 

100 



1261. Microscope* Access* Kit 

15 

.5 

.62 


7.5 



132 Oscilloscope 

75 

1,0 

6.26 


75 



138 PH Meter 

20 

.3 

.50 


6 



138 B Photocell Coupler (12) 

24 

24 

24 

24 

576 



139 Plethysmography Limb 

5 

.5 

.20 


2.5 



143G Pressure Coupler (4) 

8 

24 

3 

8 

192 



150 B Receiver* Biotelemetry 

10 

24 

10 

10 

240 



156 Signal Conditioners (12) 

24 

24 

24 

24 

576 



156F So nocardiogram 

12 

1.0 

1.0 


12 



162 Sterilizer, Autoclave 

300 

1.5 

37.5 


450 



165 Sterilizer, Tool 

110 

.4 

3.66 


44 



179 Temperature Block 

200 

1.5 

25 

200 

300 



179D Thermometer (Electronic) 

14 

.2 

.24 


2*8 



18 ID Transducer, Pressure (4) 

4 ! 

24 

4 

4 

96 



182J Vectocardiogram Coupler 

2 

1*0 

.16 


2 



182P Ventilation Unit - Vertical (2) 

80 

24 

80 

80 

1920 

80 

80 

182R Vertebrate ECS 

320 

24 

320 

320 

7680 

320 

320 

188 Work and Surgical Bench 

1000 

1.0 

83.34 

1000 

1000 



TOTALS 

5927 


2751.54 

4400 

43834 

926 

1066 

On Duty is considered 12 hours. 

Off Dutv Average Power - 43* 834 - 2751* 54 3 

_12 = 901.3 


i 





12 









POWER AND ENERGY REQUIREMENT SUMMARY, CONTD 


LAB CODE: MOD ETC 


Equipment Items 

Using Power 1 

Operating 
Power (Watts) 

1A 

Accelerometer Coupler {3) 

3 

6 

Air Particle Sampler 

50 

6A 

Airflow Work Surface 

75 

7 

Autoanalyzer (Minltized) 

200 

7A 

Auto Potentiometer Elec* Analysis 

100 

16F 

Ballistocardiogram Coupler 

1 

19D 

Body Mass Measuring Device 

15 

30A 

Cage, Rat (16) 

144 

31 

Calculator, Pocket 

5 

32 

Camera, Cine 

13 

32A 

Camera, Controller 

100 

37 

Camera, Video B/W 

15 

38 

Camera, Video, Color 

69 

38D 

Camera Timer, Video 

10 

38F 

Cardiopulmonary Analyzer 

200 

40A 

Centrifuge,* Blood Sample Processor 

100 

48 

Cleaner, Vacuum 

100 

SOB 

Compactor (Solids) 

100 

51F 

Coolant Loop, Liquid 

50 

54 

Colony Counter (Manual) 

50 

63B 

Display Keyboard Portable 

60 

63C 

Display, Numeric (2) 

2 

64 

ECG Coupler (12) j 

24 

65 

EEG Coupler (4) 

8 

66 

EMG Coupler (8) 

12 

70E 

Exercise Equip. , Physiol* 

18 

76J 

Flowmeter, Gas (4) 

16 

77B 

Freezer, Cryo 

10 

80 

Freezer, General (2) 

400 

81 

Freezer, Low Temp. 

10 

63 

Refrigerator (2) 

100 

91 

Gas Analyzer, Mass Spec. (2) 

100 

93 

Gas Analyzer, RH 

6 

101 B 

Holding Unit Monkey Pod 

100/30 

! 

i 


On Time 
Hrs/Day 


24 

- 4 

.5 

1.0 

1.0 

1.0 

. 2 

12 

1.0 

-5 

12 

12 

.5 

.5 



ORBIT OPERATIONS | 


Average Energy 

On Duty Peak Power Consumption 
Power Contribution W^thrs/Day 


72 

20 

37.5 

200 

100 

1 

3 

1728 


1200 

180 

34.5 

5 

200 

40 

40 

5 

1200 

25 

50 

24 

576 

192 

288 

72 

8 

240 

3200 

240 

800 

1200 

144 

1560 


(ascent ! descent] 
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD 


LAB CODE: MOD UC (ContYi) 

ORBIT OPERATIONS 

ASCENT 

DESCENT! 




Average 


Energy 



Equipment Items 

Operating 

On Time 

On Duty 

Peak Power 

Consumption 



Using Power 

Power (Watts) 

Hrs/Day 

Power 

Contribution 

Wit-hr s/Day 

Watts 

Watts 

101C Holding Unit - Primate (2) 

200/60 

12/12 

200 

200 

3120 

60 

60 

114E Lamp, Portable Hi, Int. Photo. 

150 

.5 

6.16 

ISO 

75 



117 LBNP 

26 

.4 

.86 


10.4 



121 Mass Meas. Device (Macro) 

15 

.3 

.38 


4.5 



122 Mass Meas. Device (Micro) 

15 

.3 

.38 


4.5 



126 Microscope, Comp. 

15 

-5 

.62 


7.5 



126 A Microscope, Dissecting 

100 

1.0 

8.34 

100 

100 



126J Microscope, Access. Kit 

15 

.5 

.62 


7.5 



132 Oscilloscope 

75 

1.0 

6.26 


75 



138 PH Meter 

20 

. 3 

*50 


6 



138B Photocell Coupler (12) 

24 

24 

24 

24 

576 



139 Plethysmograph, Limb 

5 

*5 

.20 


2.5 



143G Pressure Coupler (4) 

8 

24 

8 

8 

192 



150B Receiver, Biotelemetry 

10 

24 

10 

10 

240 



156 Signal Conditioners (16) 

32 

24 

32 

32 

768 



156F Sonocardlogram 

12 

1.0 

1*0 


12 



162 Sterilizer, Autociave 

300 

1.5 

37.5 


450 



165 Sterilizer, Tool 

110 

*4 

3.66 


44 



179 Temperature Block 

200 

1.5 

25 

200 

300 



179D Thermometer (Portable) 

14 

.2 

*24 


2*8 



181D Transducer, Pressure (4) 

4 

24 

4 

4 

96 



182J Vectocardiogram Coupler 

2 

1.0 

*16 


2 



182P Ventilation Unit - Vertical (2) 

80 

24 

80 

80 

1920 

80 

80 

182R Vertebrate ECS 

320 

24 

320 

320 

7680 

320 

320 

188 Work & Surgical Bench 

1000 

1.0 

83.34 

1000 

1000 



TOTALS 

5018 


1675. 88 

§15! 

30?0Z 

584 

“582 

On Duty is considered 12 hours. 








Off Duty Average Power = 30402 - 1675* 88 : 

: 12 = 857*6 







12 

i 



j 










POWER AND ENERGY REQUIREMENT SUMMARY, CONTD 


LAB CODE: MOD IIIB 

OR PIT OPERATIONS 

ASCENT i DESCENT! 

i Equipment Items 

Using Power 

Operating 
Power (Watts) 

On Time 
Hrs/Day 

I 

Average 
On Duty 
Power 

Peak Power 
Contribution 

Energy 

Consumption 

Watlirafaay 

Watts 

Watts 

1A 

Accelerometer Coupler (3) 

3 

24 

3 

3 

72 



6 

Air Particle Sampler 

50 

.4 

1.76 


20 



6A 

Airflcnv Work Surface 

75 

• 5 

3*12 


37*5 



7 

Autoanalyzer 

200 

1.0 

16.66 

200 

200 



7A 

Auto Potentiometer Elec. Analysis 

100 

1.0 

8.34 


100 



16F 

Ballistocardiogram Coupler 

1 

1*0 

.08 


1 



19D 

Body Mass Measuring Device 

15 

.2 

.26 


3 



28 

Cage, Metabolic Rats 

20 

24 

24 

20 

480 



30A 

Cage, Rat (16) 

144 

12 

144 

144 

1728 



31 

Calculator, Pocket 

5 

L0 

.42 


5 



32 

Camera, Cine 

13 

. 5 

*54 


6*5 



32A 

Camera, Controller 

100 

12 

100 

100 

1200 



37 

» Camera, Video B/W 

15 

12 

15 


180 



38 

Camera, Video, Color 

69 

*5 

2.88 


34.5 



38D 

Camera Timer, Video 

10 

.5 

.42 


5 



38F 

Cardiopulmonary Analyzer 

200 

1-0 

16.66 


200 



40A 

Centrifuge, Blood Sample Processor 

100 

*4 

3.34 


40 



43A 

Centrifuge L. S. Res, 

354/210 

1211.2 

354 

354 

6768 



48 

Cleaner, Vacuum 

! 100 

.4 

3.34 


40 



50B 

Compactor (Solids) 

100 

-05 

*42 


5 



51F 

Coolant Loop, Liquid 

50 

24 

50 

50 

j 1200 



54 

Colony Counter (Manual) 

50 

*5 

2.08 

* 

25 



63B 

Display Keyboard Portable 

60 

1.0 

5.0 


60 



63C 

Display, Numeric (2) 

2 

12 

2.0 

2 

j 24 



64 

ECG Coupler (16) 

32 

24 

32 

32 

768 

12 

12 

65 

EEG Coupler (8) 

16 

24 

16 

16 

384 

4 

4 

66 

EMG Coupler (8) 

16 

24 

16 

16 

384 

6 

6 

70E 

Exercise Equip. , Physiol. 

18 

4 

6 


72 



76J 

Flowmeter, Gas (6) 

24 

-5 

1.0 


12 


fl 

77B 

Freezer, Cryo 

10 

24 

10 

10 

240 

10 

10 

80 

Freezer, General (2) 

400 

8 

133.34 

400 

3200 



81 

Freezer, Low Temp. 

10 

24 

i° j 

10 

240 

10 

10 

83 

Refrigerator (2) 

100 

8 

33.34 1 

100 

800 



91 

Gas Analyzer, Mass Spec* (2) 

100 

12 i 

100 | 

! 

J 

100 

1200 

50 

50 j 

i 
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V 


POWER AND ENERGY REQUIREMENT 


SUMMARY, CONTD 


LAB CODE: MOD IIIB (C crat'd) | 

ORBIT OPERATIOI’S ] 

ASCENT 

DESCENT 




i 

1 

1 

Average j 


Energy 




Equipment Items 

Operating 

On Time j On Duty | 

Peak Power 

Consumption 




Using Power 

Power (Watts) 

Hrs/Day 

Power 

Contribution W^t-hrs/fray 

Watts 

Watts 

93 

Gas Analyzer, RH 

6 

24 

6 

6 

144 



114E 

Lamp, Portable Hi* Int. Photo, 

150 

.5 

6.16 

150 

75 



117 

LBNP 

26 

- 4 

.86 


10.4 



121 

MassMeas. Device (Macro) 

15 

.3 

.38 


4,5 



122 

Mass Meas. Device (Micro) 

15 

.3 

,38 


4.5 



126 

Microscope, Comp. 

15 

,5 

.62 


7.5 



126A 

Microscope, Dissecting 

100 

1.0 

8.34 

100 

100 



126J 

Microscope, Access. Kit 

15 

.5 

.62 


7.5 



132 

Oscilloscope 

75 

1.0 

6.26 


75 



138 

PH Meter 

20 

.3 

.50 


6 



138B 

Photocell Coupler (12) 

24 

24 

24 

24 

576 



139 

Plethsymograph, Limb 

5 

.5 

.20 


2.5 



143G 

Pressure Coupler (4) 

8 

24 

8 

8 

192 



1B0B 

Receiver, Biotelemetry 

10 

24 

10 

10 

240 



156 

Signal Conditioners (12) 

32 

24 

32 

32 

768 



156F 

So nocardiogram 

12 

1.0 

1*0 


12 



162 

Sterilizer, Autoclave 

300 

1.5 

37.5 


450 



165 

Sterilizer, Tool 

110 | 

.4 

3.66 


44 



179 

Temperature Block 

200 

1.5 

25 

200 

300 



179D 

Thermometer (Electronic) 

14 ! 

.2 

.24 


2.8 



181D 

Transducer, Pressure (4) 

4 

24 

4 

4 

96 



182J 

Vecto cardiogram Coupler 

2 

1.0 

.16 


2 



182R 

Vertebrate ECS 

320 

24 

320 

320 

7680 

320 

320 

188 

Work and Surgical Bench 

1000 

1.0 

83.34 

1000 

1000 




TOTALS 

5040 


.1690. 22 

3505 

31524 

412 

412 


On Duty is considered 12 hours. 









Off Duty Average Power - 31, 524 - 1690. 22 x 

12 = 936*78 








12 









For 182R in Centrifuge 43A 

320 

1 

320 

320 

3840 
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APPENDIX E 


LABORATORY SAMPLED DATA REQUIREMENTS 


The sampled data requirements for the life sciences laboratory concepts are 
given in this appendix. Three of 16 payloads defined in the study, COL 2A, 
COL 3A and ML-5A have no sampled data requirements. Data for these are 
taken manually. The requirements for the other 13 payloads are covered in 
the following order. 

Mini-Lab ML-1A 

ML-2A 
ML-3A 
ML-4A 
ML-2B 
ML-2C 
ML-2D 

Dedicated MOD IA 

MOD HA 
MOD IHA 
MOD IIB 
MOD IIC 
MOD nrn 


E-l 



SUPPORT 

NEEDED 


DAILY 

TOTAL, 


m 


5 K 


8640 M 


11, 7 Ml 


6650 M 


PROCESSING REQUIRED 

Conversion to cone, values. 
Downlink. 

Out-oMoIe ranee determination. 

Transmission to ground. Real-time 
or near real-time. 

Transmission to ground. 


i 

1 


REMARKS 


Otolftb channels sampled 
at 2000 samples /sec; 
ECG at 500 sps. ! 





















SUPPORT 

NEEDED 


DAILY 

tqtalJ 


? 

§ 


PROCESSING REQUIRED 


REMARKS 


5K 


Conversion to cone, values. 
Downlink. 


302.4 
15.1 M 


MX 


318 M 


Transmission to ground. 

Possibly some waveform analysis/ 
compression , 


6 channels - GOO samples] 
s. 6 chamois 
100 samples/sec. 


9 K 


Out-of-tolerance determination. 


12 charnels, 5 bit/etml. 


1.5 K 


Out-of- tolerance determination. 


22 K 


Out-of-tolerance determination. 


52 M 


Transmission to ground. Possibly 
some waveform analysis. 






















PAYLOAD 
MO. ’ 


BIOMEDICINE - MAN 
M-L3A 



• 

SAME 

■ 

MEASUREMENT DESCRIPTION 

FREQ. OF 
OPERA TTO> 

DURATION 

OF 

OPERATION 

CONTINUOUS 
data RATE, 
bo* 

TA 

Auto. Poten. Elec. AnjJ 

Measure pH, pC0 2 , pO gt K# Ca, Na, 
Cl, glucose 

2/day 

0*5 far. 

Nogi, 

156 

Signal Conditioners 

(6> 

Monitor electro physiological outputs 
such as ECG, EEG, etc* 

3/day 

l.D hr 

SS00/3 Ctml. 
70QV& Choi. 

so/eiV 

83 

Freer ers/Refirig. 

Monitor temperatures. 

Ooce/lO 

mfo. 

— 

Negl. 

38F 

Ctrdjopalmomiy 

Analyzer 

Measure HgO, C W O t 0^* A, 

CO 2 * N 2 0 gases an breath-by -breath 
basis. 

2/d»y 

0.5 hr 

500/6 chnls 

16C 

Eure l»o Eqmt. , 
Hjy biological 

Monitor ergo me ter speed, output. 
Treadmill speed. Assume 4 chela. 

2/day 

! 

1 

1*0 hr 

! 

5/4 etuis 



93A 

87 

91 

83 

USF 



SUPPORT 

NEEDED 





PROCESSING REQUIRED 

Out-of-tolerance determination. 

Out-of-tolerance determination. 
Selected cottc. display. 

Downlinking. PoesfWy some on- 
board analysis and display. 

Out-of-tolerance de tormina tico. 

Out-ef-tolaratioe detertntoattcn. 
JDoimlink exp. data.. Trend analysis 


REMARKS 




















E-6 


E 

.1 


1 


i 


PAYLOAD BIOMEDICINE /BIOLOGY - PRIMATE M3NI-IAB 
NO. "~L"g5 


-El 

NAME 

MEASUREMENT DESCRIPTION 

FREQ. OF 

Operation 

DURATION 

OF 

OPERATION 

CONTINUOUS 
DATA RATE. 

7A 

Auto. Potai. Else. Anal 

Measure pH, pCO^, pO^, K, Ca, Na, 
Cl, glucose 

2/day 

o.Sbr. 

Negl* 

156 

gjgrvU Conditlotiers 
(B) 

Monitor electrophysioIogtcaJ outputs 
such as ECG, EEG, etc. 

24/day 

6/day 

10 min. 
10 min* 

3500/3 Cbnl. 
700/3 emu 

60/61 

Freezers 

Monitor temperatures* 

Once/10 

min. 


Negl* 

1Q3B 

Incubator 

Monitor temperatures 

Once/5 

min. 

— 

Negl. 

91 

Mass Spectrometer 

* 

Monitor mass no. and peak height of 
trace contaminant and major 
atmospheric gases. 

— 

Continuous 

600 

63 

Refrigerator 

Monitor temperatures 

Oncc/XO 

min* 

— 

Negl. 

182P 

Ventilation Unit, 
Vertebrates 

1 

Monitor (Iowa, pressure, humidi- 
ties, etc. Eat* & sensors. 

* 

Once/min. 


Negl. 






SUPPORT 

NEEDED 




E-7 


PAYLOAD BIOMEDICINE/BIQ LOGY MINI-LAB - SMALL VERTS./CELIE & TISSUES 
NO. M-L2C 


_ El 

NAME 

MEASUREMENT DESCRIPTION 

FREQ. OF 
'OPERATION 

DURATION 

OF 

OPERATION 

CONTINUOUS 
DATA RATE. 

bp? 

7A 

Auto. Polm. Elec. Anal 

Measure pH, pC0 2 , p0 o , K, Ca, Na, 
Cl, glucofid 

2/day 

0.5 hr. 

Negl. 

156 

Signal Conditioners 
02) 

Monitor electtxjphyslologfcal outputs 
such as ECG, EEG, etc. 

24/day 

6/day 

10 min. 
10 min. 

3500/6 Cbnl. 
700/6 CtxU. 

80/8XV 

83 

Freerera/Rcfrlg. 

Monitor temperatures. 

Once/10 

min. 

— 

Negl. 

103B 

facuhatar 

Monitor temperatures 

Once/15 

min. 

— 

Negl. 

192P 

VeotOattan Unit, 

Vertebrates 

Monitor Hows, pressures, hamldi- 
tlss, etc., 3 sensors. 

Otjce/mln. 

— 

Negl. 

»6A 

Holding Unit, CAT 

Monitor temp. 

Once /min. 

- 

Negl. 

GOA 

Clinostat 

Monitor motor current. 

Once/mln. 

— . 

Negl. 

»1 

Mm Spectrometer 

i 

. j 

Monitor mass no. and peaks ol 
trace contaminant and major 
atmospheric gases. 


Continuous 

600 


SUPPORT 

NEEDED 


T 


1 

DAILY 

TOTAL, 

biU 

jp. 

o 

g 

ct 

T 

o 

t. 

Ascent | 

■£ 

? 

B 

g 

CJ 

H 

w 

c 

43 

0 

g 

ti 

1 

H 

£ 

PROCESSING REQUIRED 

5K 



X 



Conversion to cone, values. 
Downlink. 

302.4M 
15. 1M 

X 

X 

X 

X 

X 

Transmission to ground. Possibly 
some waveform analysis/ 

318 M 






compression. 

9 K 

X 

X 

X 

X 

X 

Out-of-toleranco determination. 

1.5K 



X 



Out -of ^tolerance determination. 

22K 

X 

a 

X 

X 

X 

Out^CHnlerance determtoatfco. 

7K 



X 

X 

X 

Out-of-tolerance determtoatkn. 

7K 



X 



Out-of-tolerance determfeatlon. 

52M 

X 

c 

X 

X 

X 

Transmissions to grand. Possibly 
some onboard analysts. 

i 



- 


1 

J 



REMARKS 


6 chefs - 500 sample ■/ 
■ec. G chweb - 101 
mib^m/wc. 

2 cbnuli, 5blt/ctn). 



3 - 


PAYLOAD 

NO, 


MEASUREMENT DESC 


Measure pH t pC0 2 . pO^, 
Cj glucose 

Monitor electro physiologic 
such as ECG, EEC* etc. 


I flO/filyi Freezera/Refrfg. I Monitor temperatures. 

63 I 



SUPPORT 

NEEDED 


Hill ? ! 

Cop 


I X03B I Incubator 


1 182P j Ventilation Unit, 
I I Vertebra tee 


| Monitor temperatures 


Monitor flows* pressures* humidi- 
ties* eto*, 3 sensors. 


^ |»BA j Holding Unit, CLT ( Monitor temp. 


rSOA Idlnoetat 


Monitor motor current. 


91 Uiu Spectrometer Monitor mail no. mid peaks of 
trace ccntamtoaat and major 
atmospheric gases. 

98C Golding Unit* Inverts. Monitor temp. 

101 Bolding Unit* Plants Monitor temp. , light currant level 

93 Gas Analyzer. Water Meaaure resistivity of humidity 
Vapor Specific sensors. 


2/day 

0.5 hr. 

Negl. 

5K 

24/day 

G/day 

10 min . 
10 min. 

3500/6 Choi. 
700/6 Cbal. 

302. 4M 
15. 1M 




318 M 

Ctoco/10 

min* 

— 

Negl. 

9 K 

Once/15 

min. 

— 

Negl* 

l.SK 

Once /min. 

~ 

Negl. 

22K 

Once /min. 

-- 

Negl, 

7K 

Once/mto. 

— 

Negl. 

TK 

— 

Continuous 

1200 

I04M 

Cnce/tnin. 

— 

Ne^. 

7K 

Ooee/mtn. 

— 

Negl. 

14K 

Otace/min. 


Negl. 

| 

7K 



PROCESSING REQUIRED 


Conversion, to ccnc. values. 
Downlink. 


Transmission to ground. Possibly 6 chnls >500 samples/ 
some waveform analysis/ sec. 6 chSfSTs - 100 

c ompre s sion. eampKes/eec. 


Out-of-tolerance determination. 

Out-of-tolerance determlnaticm, 

Out-of-tolarmce determtoatlcn. 

Out-of-tolerance dstermtoation. 

Out-of-tolerance determ totUim. 

Transmission to grand. Possibly 
some abboerd analysis. 

Out-of-tolenmce determ toatton. 
Out-of-tolerance determtoatlcn. 
Out-of-tolerance determtoatioo. 


da* & b*t/chnl. 














PAYDOAO DEDICATED LAB - aOMEDICAL EMPHASIS 



i 



NO. MODIA 



*• 

NAME 

. ' 

. MEASUREMENT DESCRIPTION 

FREQ- OF 
OPERATIC 

DERATION 

OF 

OPERATION 

CONTINUOUS 
DATA RATE, 
hos 

64/65/ 

ECG P EEG, EMG 

Conditions eleciropbyslologtcal sig- 

16 chls - 

10 min* 

700 § 16 chls 

66 

Couplers 

nals from organisms or man* 

24/day 
6 chls — 
4/ day 

0*5 far 

3500 @ 6 chls 
25*2 K 

156/ 

13flfc/ 

H3G/ 

1A 

Wpri CottdlttoOPTBt 
Assorted Couplers 

Miscellaneous physical and Uo* 
physical tnaaruretneotg . Pressure, 
temps. , flows, etc. 

Onca/min., 
24 hrs/dxy 


3 

77B/8< 

ai/M/ 

103 B 

Freexera/Refrlg. 

Monitor temperatures 

Once/ 10 
min* 


NegL 

T 

AntouulfMt 

Measures approximately 12 con- 
stituents of Mood serum. 

2/day 

0.5 

100 

TA 

An to. Polco.£l«c.Aoil 

Measure 8 properties of blood serum 
and/or urfee. 

2/day 

0.5 

Negl. 

91 

Ulu Spectrometer (2) 

tings iy>- aztd peaks of trace 
contaminant* and major atmospheric 

gasae. 



600 

83 

Gas Analyzer, Water 
Vapor Specific 

i 

Measure resistivity of humidity 

sensors. 

Onco/min. 

— 

Negl* 

65C 

Eloctrophyalology 

Receiver 

Monitors electrophyaiologlcal signals 1 
from subject* 

l/diy 

1 hr 

14 K 

15SA 

Botattog litter Chair 

EOG/EMG 

2/mlfisIon 

O.S hr 

6*5 '{ 

15C 

Exercise Eqtnt/phy. 

Monitor ergometer speed, output* 
Treadmill speed. Assume 4 chi s. 

2/day 

1 hr 

5 {? 4 chls 

JSP 

1 

Analyze 

Measure 6 gases used in breath-by- 
breath respiratory analysis. 

2/day 

0*5 hr 

500 § 6 chls 


117/ UBNP, limb 
139/31 Plethysmography 


Monitor pressures, temps. , and 
Plethy*. chls* 


1/day' 


1 Ur 


35 


SUPPORT 

WEEDED 


DAILY 

TOTAL. 

hit« 

| 

*7 

£1 

£ 

! 

< 

-E 

* 

s 

g 

V 

3 

c 

JZ 

1 

fl 

l 

£ 

PROCESSING REQUIRED 

REMARKS 

161M 
1S1M 
312 M 

X 

X 

X 

X 

X 

Downlinking, waveform analysis, 
data compression Send display* 

Assume 6 high rate, 
16 low rate chls. 

252K 

X 

X 

X 

X 

X 

Downlink, out-of- tolerance determl- 
natim, display- 

Assume 35 chls. 

15K 

X 

X 

X 

X 

X 

Out-of-tolerance determination. 

Assume 4 chls/Ej, 

360K 



X 



Con version to cone* amines. 
Downlink. 


5K 



X 



Conversion la cone, values. 
Downlink. 


52M 

X 

X 

X 

X 

X 

Downlink. Possibly some on-boerd 
analyst a. 


7K 

X 

X 

X 

X 

X 

Out-of-tolerance determination* 


44. 5M 



X 



Downlink, waveform analysis and 
display. 


11.7M 



X 



Downlink. 


144K 


1 

X 



Downlink, on board display 4 control. 

Assume 4 chls* l sample/ 
sec. 

10- 8M 



X 



Conversion to cone, values. Downlink 


126K 



X 

.1 

I 


On-board control of expmL 
Downlink. 

Assume 6 chls. Simple 
1/sec. 






REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 


1 

NAME 

MEASUREMENT DESCRIPTION 

FREQ. OF 
OPERAT|0^ 

182J 

VCG Coupler 

Converts VCG signals 

2/day 

1B2P 

Vmta&Uon Unit, 
Vertebrate* 

Monitor Dow, pressurea, ete. 
Eet. 6 sensors* 

Once /min. 

98A 

Holding Unit, CtT 

Monitor Temp. 

Onco/miu. 

50A 

CltnastaU CtT 

| 

Monitor motor current 

Once/mto- 

1 


SPS^***^ wit* 























E-ll 


PA Yim p DEDICATED LAB - BlOMEDICALyBIOLQCy/ADV^CEl) TECHNOLOGY EMPHASIS 
NO, ' MOD HA _ 



. 

' 



j 



SUPPORT 

NEEDED 



5) 

. 

NAME 

ME.\5uae:i‘;Nr rrrrw. 1 . 

FuEq* or 

DURATION 

Or | 

n.\ V \ Yi_\ i K. 

i?AiLY 

A/iALj 
1 a 

'C 

| 

T 

•El 

a 

y 

5 

c 

i 

S 

"c 

§ 

a 

c 

,e 

tl 

1 

7 

7s 

e 

C- 

PROCESSING REQUIRED 


&1/6V 

CG 

ECG, EEG, EMG 
Couplers 

• 

Conditions clectrophysiolo^col sig- 
nals from organisms or man* 

JC cldc - 
24/Cay 
C chls - 
4/dny 

10 c 
0.5 hr 

79-) 16 Chi.' 

3500 6 ctih 

23-2 K 

ItiiM 
151 M 
312 IT 

s 

X 

X 

X 

X 

Downlinking, unvoferm analysis, 
data compression and display. 

Assume 6 high rale l 
16 low rate chls. 

136/ 

13SB/ 

143G/ 

1A 

Signal Conditioners, 
Assorted Couplers 

Miscellaneous physical and bio- 
physical msmts, pressure, temps. . 
flows, etc* 

Once/ m in., 
21 hrs/tlay 


3 

■ 

235X 

X 

X 

X 

X 

X 

Downlink, out-of- tolerance dcterml- 
naticn, display. 

Assume 35 chls. 

77B/8C 

81/83/ 

103B 

Freezers/Refrfg* “ 

Monitor temperatures 

Once/10 

min. 

- 

' 

Scgl. 

loli 

X 

X 

X 

X 

X 

Out-of- tolerance determination. 

Assume 4 chls/EI. 

7 

Antounalyzer 

Measures approximately 12 con- 
stituents of blood scrum. 

2/day 

0.5 

100 

3C0K 



X 



Conversion to cone, values. 
Downlink. 


7A 

Auto* Paten. £lec. Anal 

Measure & properties of blood serum 
and/or urine. 

2/day 

0.5 

Kc-1* 

5K 



X 



Conversion to ccnc. values* 
Downlink* 


31 

Mass Spectrometer^) 

Measure mass no. and peaks of trace 
contaminants and major atmospheric 
gases. 


Continuous 

600 i 

52 M 

X 


X 

X 

X 

Downlink. Possibly some on-board 
analysis. 


93 

Gas Analyzer, Water 
Vapor E^ccifle 

Measure resistivity of humidity 
sensors. 

Oncc/mtn. 

~ 

Netf. 

7K 

X 


X 

X 

X 

Out-of-tolcrance determination. 


65C 

Electrophysfology 

Receiver 

Monitors electrophysiological signals 

l/day 

1 hr 

-4K 

44. 5M 



X 



Downlink, waveform analysis and 
display. 


1G3A 

Relating litter Chair 

EOG/EMG 

2/mission 

0.5 hr 

C.5 K 

1.7M 



X 



Downlink.' 


iac 

Exercise Eqmt/pkg 

Monitor Ergometer speed output, ( 

Treadmill speed. As sumo 4 chls, j 

2/day 

1 hr 

5 C 4 chls 

144 K 



X I 



Downlink, on board display & control. 

Assume 4 chls, 1 
sample/sec. 

38F 

Cardiopulmonary 

Analyzer 

Measure 6 gases used in breath -by- 
breath respiratory analysis. 

2/day 

0,5 hr 

500 & 6 chls 

I0.8M 



X 


i 

Conversion to ccnc. values. 
Downlink. 


117/ 

139 

LBNP, limb 
pjethj'sraographs 

Monitor pressures, temps. , and 
plethvs. chls. 

l/day 

1 hr 

i 35 

12 GK 



X 


t 

1 

t 

L 

Ch -board control of expmt- 
Downlirik. 

Assume 7 chls, 
sample/sec. 



PAYLOAD PEUCATEL LAB - BIQME PICA L/B IQ LOG Y/ADVA N C ED TECHNOLOGY EMPHASIS (Cant’d) 
NO. MO O HA 


El 

NAME 

measurement description 

FREQ. OF 
OPERATION 

DURATION 

OF 

■ . pzk\ notN 

■l' ON T ENVOIS’ 
DATA RATE. 
bo' 1 

I82J 

VCG Coupler 

Converts VCG signals. 

2/dai 

1 hr 

2IK 

1H2P 

Ventilation Unit, 
Verts. 

Monitor flow, pressures, etc. Eat. 
G sensors. 

Once/mln 


Serf. 

98A 

Holding Unit, Cells 
4 Tissues 

Monitor temp. 

Oncc/mLn 

— 

Ncgl. 

50A 

Cliaostat, C&T 

Monitor motor current 

Oncc/min 

— 

Negl. 

101 

Holding Unit, Plants 

Monitor temps. * light levels 

On co An in 

-- 

NegL 

50 

Clinostat, Plant 

Monitor motor current. 

Ouce/min 

- 

Negl. 

98 C 

Holding Unit, Invert. 

Monitor temps. 

Once/mln 

- 

Ncgl. 

115F 

L££ Teat Console 

Monitor temps. , pressures, flows, 
currents, etc. Assume 10 chls. 

Once/lO 

see. 

12 hrs - 10 
chls; 12 
hrs - 2 ehli 

5 

1 

144 

i 

Psychomotor Perf. 
Console 

Monitor sensor outputs which measure 
various psycho motor tasks such as 
tracking steadiness, pattern recog- 
nition. 

i 

1/day 

6 hr 

20K 




Do unlink. Or Loard mtffw 
analysis. 

Out-of-tolc t ; an css dfiterm»*ii<5£?. 


Out-of-tolerance J Jc t n^rtAuilion. 

Out-of-tolerance detente Yia? 

Out-of-tolerance detent tea tlcn- 

Out-of-tolerance determination. 

Out-of-tolerance determtoaUcn. 

Out-of-tolerance detarra button. 
Downlink exp. cats. 

Trend anal ysls. 


Statistical analysis. Downlink. 




















E-13 


payload dedicated lab - biomkdicaiJbiouxsy/ advanced tech. /biocentrifuge emphases 
N 0 nr 









SUPPORT 







* 




NEEDED 











£ 




1 







deration 

CONTINUOUS 

DAILY 

§ 

c 

5 

1 

1 

9 

* 






FREQ. OF 

OF 

data RATE, 

TOTAL, 

ffi 

| 

1 

V 

g 

1 



El 

NAME 

MEASUREMENT DESCRIPTION 

OPE RATIO 

OPERATION 

bos 

hits 

cL 

< 

6 

c 

£ 

PROCESSING REQUIRED 

REMARKS 

64/65/ 

ECG, EEC, EMG 

Conditions elec tropbysio logical nig- 

16 chin - 

10 min. 

700 @ 1G chin 

1G1M 

x 

X 

X 

X 

X 

Downlinking, waveform analysis. 

Assume 6 high rale. 

66 

Couplers 

nals from organisms or man. 

24/d.y 

0-5 hr 

3500 @ 6 chls 

151M 






data compression and display. 

16 low rale cUs. 



* 

6 cMb- 


2S.2K 

312 M 










4/day 











156/ 

33BB/ 

1430/ 

1A 

77B/8( 

Signal Conditioners, 
Assorted Couplers 

Frees e rs/Refrig . - 

Miscellaneous physical and bio- 
physical ms rate, pressure, ten". f 
Hows, etc. 

Monitor temperatures 

Once/mln., 
24 hrs/day 

Once/lO 


3 

Negl. 

252K 

15K 

X 

X 

X 

X 

X 

Downlink, cut-of- tolerance da termi- 
nation, display. 

Assume 35 chts. 

Oat-of-tolerance determinatfcxi. 

— 

X 


X 

X 

X 

Assume chls/ET. 

81/83/ 

103B 


min. 












7 

Autosnalyzer 

Measures approximately 12 con- 

2/day 

0.5 

100 

360K 



X 



Conversion to ccnc. values. 




stitosnts of blood Berura. 










Downlink. 


7A 

Auto. Men. Elec, Anal 

Measure 8 properties of blood serum 

2/day 

o.s 

Negl. 

EK 



X 



Cooveraitxx to cone, values. 




and/or urine. 


- 








Downlink. 


91 

Mb 88 8pcctrocietar(2) 

Measure mass no- and pe&s of trace 


Continuous 

600 

S2M 

X 

X 

X 

X 

X 

Downlink. Possibly some co-board 




contaminants and major atmospheric 
gases. 










analysis. 


93 

Gas Analyzer, Water 

Measure resistivity of humidity 

Qnoo/min- 

■— 

Negl. 

7K 

X 

X 

X 

X 

X 

Out-of -tolerance detennktikn. 



Vapor Specific 

sensors. 












65C 

Electrophysiology 

Monitors electrophystologfcal signals 

1/day 

1 hr 

14K 

44, 5M 



X 



Downlink, waveform analysis and 



Receiver 











display. 


153A 

! 

Rotating Litter Chair | 

EOG/EMG 

2/mlasioo 

0.5 hr 

6.5 K 

1.7M 



X 



Downlink. 


18C 

Exorcise Eqmt/pkg 

Monitor Ergomoter speed output. 

2/da y 

1 hr 

5 @4 chla 

144K 



X 



Downlink, on board display 6 control 

Assume 4 chls, 1 


i 

Treadmill speed. Assume 4 chis. 











sample/ sec. 

38F 

Cardiopulmonary 

Measure 6 gases used in breath-by- 

2/day 

0.5 hr 

500 § 6 chls 

10. 8M 

• 


X 



Conversion to cone, values. 


117/ 

Analyzer 

breath respiratory analysis. 

i/day* 

1 hr 

35 

126V 






Downlink. 

Cb-bottd control of eacpmt. 


LBNP, Limb 

Monitor pressures, temps., and 

i 


X 



Assam* 7 elds. 

139 

Ptethysmographs 

plethys. ehls. 






J 




Downlink. 

sampWsec. 


E-14 


PAYLOAD DEDICATED LAB - BIOMEDICAL/BIOLOGY/ADVANCED TECH. /BIOCENTRIFUGE EMPHASIS (Ccnt'd) 
NO. MODIM 


Ei 

NAME 

MEASUREMENT DESCRIPTION 

FREQ. OF 
OPERATION 

DURATION 

OF 

OPERATIC*? 

CONTINUOUS 
DATA RATE, 
bos 

daily 

TOTAL, 

bits 

SUPPORT 
NEEL 2D 


: 

REMARKS 

J 

T 

£ 

p. 

< 

■E 

f 

& 

i 

1 

X 

u 

1 

I 

PROCESSING REQUIRED 

182J 

VCG Coupler 

Converts VCG signals. 

i^day 

1 hr 

21K 

151M 



X 



Downlink. On-board waveform 














analysis. 


182P 

Ventilation Unit, 

Monitor flow, pressures, otc. Est. 

Once/min 


Negl. 

43K 

X 

X 

X 

X 

X 

Out-of-tolersnce de»«TnSi*tt«i. 



Verts. 

G BarLBors. 












9SA 

Holding Unit, Cells 

Monitor temp. 

Gnce/mtn 

— 

Negl. 

7K 



X 

X 

X 

Out-of ‘tolerance determination. 



4r Tissues 













50A 

Clinostat* CfcT 

Monitor motor current 

Once/min 

— 

Negi. 

7K 



X 



Out-of-tolerance detenntoattcxi 


101 

Holding Unit, Plante 

Monitor tempo. , light levels 

Once/min 

- 

Negl. 

28K 

X 

X 

X 

X 

X 

Out-of-tolerance determination. 

Assume 4 chls. 

50 

Cltnostat, Plant 

Monitor motor current. 

Once/min 

— 

Nog]. 

7K 



X ■ 



Out-of - toteran ce determination. 


98C 

Holding Unit, Invert. 

Monitor tamps. 

Once/min 

- 

Negl. 

7K 

X 

X 

X 

X 

X 

Out-of-tolerance detemtoation. 


11SF 

l£8 Test Console 

Monitor temps. , pressures, flows, 

dnoe/io 

12 hrs - 10 

5 

Z16K 



X 



Out-of-tolerance determination. 




currents, etc. Assume 10 chls. 

sec. 

chls; 12 

1 

43K_ 






Downlink eocp. cat*. 






hr^ - 2 chli 

- 

259K 






Trend analysis. 


144 

Psychomotor Peri. 

Monitor sensor outputs which measure 

1/day 

6 hr 

20K 

432K 



X 



Statistical analysis. Downlink. 



Console 

various psychomotor tasks such as 














tracking steadiness, pattern recog- 














nition. 












43A 

Bioresearch 

Monitor and control speed, motor 



Continuous 

10 

8G4K 



X 



Downlink, on-board display. 

Assume 10 chls. 


Centrifuge 

current, temps., balancing, ECS,etc. 


24 hrs/day 

- 

I 




J 

u 

lJ 

ca uti oil/ warning. 

1 

| 



st- a 


PAYLOAD DEDICATED LAB - BIOLOGY EMPHASIS 


NO. MOD IIB 



• 






SUPPORT 

NEEDED 



ET 

NAME 

MEASUREMENT DESCRIPTION 

FREQ. OF 
OPERA TK» 

DURATION 

OF 

OPERATION 

CONTINUOUS 
DATA RATE, 
bos 

DAILY 

TOTAL; 

bit? 

n 

g 

a 

l 

£ 

1 

u 

Xt 

< 

■£ 

s 

1 

JS 

u 

i 

js 

1 

PROCESSING REQUIRED 

REMARKS 

64/65/ 

66 

BCG, EEG, EMG 
Couplers 

Conditions electro physiological sig- 
nals from organisms 

16 chls - 
24/dby 

10 min. 
0.5 hr 

70D <? 16 chls 
3500 <S 6 chls 

161M 

151M 

X 

X 

X 

X 

X 

Downlinking, waveform analysis, 
data compression and display. 

Assume 6 high rate, 
16 low rate chls- 



6 chls - 
4/day 


25.2 K 

312 M 








156/ 

138B/ 

143G/ 

1A 

Signal Conditioners, 
Assarted Couplers 

Miscellaneous physical and bio- 
physical rasmts, pressure, temps., 
flows, etc. 

Once /min., 
24 brs/day 


3 

252K 

X 

X 

X 

X 

X 

Downlink, out-of-tolerance determi- 
nation, display. 

Assume 35 chls. 

77B/8I 

81/83/ 

103B 

FreezetB/Ratrig.- 

Monitor temperatures 

Once/10 

min. 

— 

Negl, 

15K 

X 

X 

■X 

X 

X 

Out-of-tolerance determination. 

Aftfittm* 4 chls/EL 

7 

Autoanalyzer 

Measures approximately 12 con- 
stihmts of blood serum. 

2 /day 

0.5 

100 

360K 



X 



Cemranlon to cone. nfose. 
Downlink. 


7A 

Auto. Po tan. Elec. Anal 

Measure 6 properties of blood serum 
and/or urfcje. 

2/day 

0-5 

Negl. 

SK 



X 



Conversion to cone, vilaw. 
Downlink. 


91 

Mass apectrometer{2) 

Measure mass no. and peaks of trace 
contaminants and major atmospheric 
gases* 

” 

Ccnttnuoua 

600 

52M 

X 

X 

X 

X 

X: 

Downlink, Possibly some cn -board 
analysis. 


93 

Gas Analyzer, Water 
Vapor Specific 

Measure resistivity of humidity 
sensors. 

Onco/mtn. 

— 

Negl. 

7K 

X 

X 

X 

X 

X 

Out-of-tolerance determination* 


1B0 

Exercise Eqmt./Phys. 

Monitor Ergometer speed, output, 
treadmill speed. Assure 4 chls. 

2/day 

1 hr 

5 £ 4 chls 

144K 



X 



Downlink, on-board display and 
control. 

Assume 4 chls, 
1 sample/aec. 

1B2P ' 

Ventilation Unit, 
Verts. 

Monitor flow, pressures, temps. , 
etc. Eat. 6 sensors. 

Once/min 

— 

Negl. 

43K 

X 

c 

X 

X 

X 

Out-of-tolaranee detonniaatim. 


98A 

Holding Unit, 
Cells it Tissues 

Monitor temp. 

Onco/min 

— 

Negl. 

7K 


i 

X 

X 

X 

Out-of-tolerance determtution. 


BOA 

Clinofltat, CfcT 

Monitor Motor Current 

Once/min 

— 

Negl. 

7K 



X 



Out-of-tolerance determination. 


101 

Holding Unit, Plants 

Monitor temps , , light levels. 

1 

i 

Once/min 


Negl. . 

28E 

X 

X 

X 

X 

X 

Out-of-toler«nce determination. 







E-16 





PAYLOAD DEDICATED LAB - BIOLOGY EMPHASIS {Cant'd) 
NO- MOD ItB 





- 





;ui 

m 

■PC 

SPj 

RT 

££> 



El 

NAME 

MEASUREMENT DESCRIPTION 

FREQ. OF 
OPERATION 

DURATION 

OF 

OPERA TICK 

CONTINUOUS 
DATA RATE, 
bos 

DAILY 

TOTAL. 

bile 

i= 

§ 

K 

7 

o 

£ 

i 

o 

to 

< 

1 

f 

s, 

n 

i 

o 

<D 

c. 

1 

1 

** 

n 

L 

PROCESSING REQUIRED 

REMARKS 

50 

— 

Cltnostat, Plants 

Monitor motor current 

Once /min 

— 

NegU 

7K 



X 



Out-ef-tolerance determination. 


9BC 

Holding Units, 
Invert. 

Monitor temp* 

Once/m to 


Negl* 

7K 

X 

X 

X 



Out-of-tolerance detertntoettcn. 






PAYLOAD DEDICATED LAB - BIOLOGY EMPHASIS 

NO- jlTOD PC 


El 

NAME 

MEASUREMENT DESCRIPTION 

FREQ. OF 
OPERATION 

DURATION 

OF 

OPERATION 

CONTINUOUS 
DATA RATE, 
bu^ 

64/65/ 

66 

ECG, EEG, EMG 
Couplers 

Conditions electropby Biological sig- 
nals from organisms 

16 chls - 
24/da y 

10 min- 
0.S Hr 

700 & 16 cbls 
3500 <? 0 cWg 




6 chls - 
4/day 


25.2 K 

156/ 

138B/ 

143G/ 

1A 

Signal Conditioners, 
Assorted Couplers 

Miscellaneous physical and bio- 
physical msmts T pressure, temps, , 
flows, etc. 

Once/mln., 
24 hrs/day 


3 

77B/8C 

81/83/ 

103B 

Freezers/Refrfgr 

Monitor temperatures 

Once/1 0 

mtyv. 

— ■ 

Negl. 

7 

Autoanalyzer 

Measures approximately 12 con- 
stituents of blood serum. 

2/day 

0.5 

100 

7A 

Auto. Poten. Elec. Anal 

Measure 8 properties of blood serum 
and/or urine. 

2/d»y 

0.5 

Negl. 

91 

Mites Spectrometer (2) 

Measure mass no. and peaks of trace 
contaminants and major atmospheric 
gases. 

— 

Continuous 

600 

93 

Gas Analyzer, Water 
Vapor Specific 

Measure resistivity of humidity 
sensors. 

Once/mln. 

— 

Negl, 

■ 

Exercise Eqmt. /phys. 

Monitor Ergometer speed, output. 
Treadmill speed. Assume 4 cfals. 

2/day 

1 hr 

5 d 4 cbls 


182 P 


Ventilation Unit, 
Vertebrates 


Monitor flow, pressures, etc. 
Est. 12 sensors. 


Once/mia 


Negl. 



SUPPORT 

NEEDED 



DAILY 

TOTAL. 

hit*. 

j= 

§ 

e 

V 

S 

c. 

i 

u 

II 

? 

8 

K. 

a 

n 

0 

1 

1 

£ 

PROCESSING REQURED 

REMARKS 

161M 
151M 
312 M 

X 

X 

X 

X 

X 

Downlinking, waveform analysis, 
data com press! co md display. 

Assume G high rate, 
16 low rate cbls. - 

252K 

X 

X 

X 

X 

X 

Downlink, c ut-of-tolemnce determi- 
nation, display. 

Assume 35 chle. 

15K 

X 

X 

X 

X 

X 

Out-c f-toleranc* determination. 

Assume 4 cUs/Et. 

360K 



X 



CantnloDtocaio. nlbM. 
Downlink. 


$K 



X 



Ccanwrslan to cone. TaluBw- 
Dotmltok. 


52M 

X 

X 

X 

X. 

X 

Downlink, possibly some on-board 
analysis. 


7K 

X 

X 

X 

X 

X 

Out-of-tolerance detemketion. 


144K 



X 



Downlink, eti -board display and 
control. 

Assume 4 chls r 
l ssmple/eec. 


86K 


Out-of-tolerance determination. 




PAY LOAD DEDICATED IAB - BIOMEDICAL EMPHASIS 

NO. MOD ms 



‘ 






SUPPORT 

NEEDED 



El 

name 

MEASUREMENT DESCRIPTION 

FREQ. OF 
OPERATION 

DURATION 

OF 

OPERATION 

CONTINUOUS 

data rate. 

bcs_ . .. 

DAILY 

TOTAL, 

hits 

A 

u 

$ 

rt 

r 

o 

L. 

c 

3 

It 

< 

? 

? 

8 

<** 

i 

m 

V 

Q 

A 

0 

1 

2 
4 
« 
£ 

processing REQUIRED 

remarks 

64/65/ 

66 

ECG, EEG, EMG 
Couplers 

Conditions elec trophj'slo logical sig- 
nals from organisms 

16 chi* - 
24/day 

10 min. 
0.5 hr 

700 @ 16 cbls 
3500 @ 5 chls 

1G1M 

151M 

X 

X 

X 

X 

X 

Downlinking, waveform analysis, 
data compression and display. 

Assume 6 high rate, 
16 low rate chls. 




6 cbls - 
Vday 


25.2 K 

312 M 








156/ 
13 BB/ 
143G/ 
1A 

Signal Cautioners, 
Assorted Couplers 

Miscellaneous physical and bio- 
physical msmts, pressure, tempe., 
flows, etc. 

Once/min., 
24 hr s /day 


3 

252K 

X 

X 

X 

X 

X 

Downlink, out-of-tolerance determt- 
n alien, display. 

Assume 35 chls* 

77B/8< 

81/83/ 

103B 

Freeze rs/Refrlg/ 

Monitor temperatures 

Once/10 

min. 

— 

Negl. 

1SK 

X 

X 

X 

X 

X 

Out-of-tolerance determination. 

Assume 4 chlfe /El. 

7 

Antetiudyzer 

Measures approximately 12 con- 
stituents of Hood serum. 

2/day 

0.5 

100 

360K 



X 



Conversion to cone, value*. 
Downlink. 


7A 

Au to. Potan. Elec* Ansi 

Measure 8 properties of blood serum 
■a d/or urfcte. 

2/day 

0.5 

Negl. 

5K 



X 



Conversion to cano. value*. 
Downline. 


91 

Maes £fc»ctrometer(2) 

Measure mass no. and peaks of trace 
contaminants and major atmospheric 

gases. 


Continuous 

6Q0 

52M 

X 

X 

X 

X 

X 

Downlink* Possibly some on-boerd 
analysts. 


93 

Gee Analyzer, Water 
Vapor Specific 

Measure resistivity of humidity 
sensors. 

Cnce/min. 

— 

Negl. 

7K 

X 

X 

X 

X 

X 

Out-of-tolerance determfaation. 


18 C 

Exercise Eqmt/Phys, 

Monitor Ergometor speed, output, 
Treadmill speed. Assume 4 chls. 

2/day 

1 hr 

5 fi 3 chls 

144K 



X 



Downlink, on-board display and 
control. 

Assume 4 elds* 
1 sample /sec. 

182P 

Ventilation Unit, 
Vertebrates 

Monitor flow, pressures, eta. 

Once/mto- 

— 

Negl. 

86K 

1 

t 

X 

X 

X 

Out-of-tolerance determination. 


43A 

Bioreeearob 

Centrifuge 

Monitor and control speed, motor 
current, temps., balancing, ECS, 
eta. 


Continuous 
24 hr/ day 

to 

8S4K 



i 

w*"m 


Downlink. On-board display. 
Cantion/wuning. 

Assume lQ chls. 







swsssr 




APPENDIX F 
El GSE REQUIREMENTS 

The following tables identify the GSE requirements of the equipment items (Els) of 
the life scienoes common equipment inventory. The El's are grouped according to 
equipment units (EU). Spacelab (SL) and principal investigator (PI) equipment is not 
evaluated. 





Checkout and Maintenance 


AuxUluy 


^ 

S'- E 3 I ■ 
h g 5| S g 

iii a . 3 4 

It. II II 


Eg 1 VISUALKECQRDS + MICROSCOPY 


32 Cuurit Cine 

32A Camera Controller 

33 Camera, Polaroid 

36 Camera, 35 MM + Strobe 

37 Camera, Video B/W 

38 Camera, Video, Color 

38B Camera Mots** 

3SD camera Timer, Video 

75C Film, Cine 

75F Film, Polaroid 

76C Film, 35 MM 
114E Lamp, Portable HI Id. Ptoto 
116 Log Books 
128 Microscope, Compound 
126J Me r. Access. Kit, Cempmi 
134B Paper, Recorflng 
ISO Recorder, Strip dart 

EU 2 DATA MANAGE 


14B Antennas, Assorted 
31 Calculator, Pocket 
Si Computer, Digital 
56A Data Mgmt Syst Bases 
5HA DMS Control + Display Station 
6 SB DMS Remote Acquisition Unit 
63B Display Keyboard, Portable 
63C Display, Numeric 
61 ECG Coupler 
66 EEG Coupler 
66 EMG Coupler 
120G Monitor, Video 
132 Oscilloscope ami Camera 
138B Photocell Coupler 
143G Pressure Cooler 
153 Recorder, Voice 
156 gga a l Conditioners {Couplers) 

176 Tape, Video 
180 Timer, Event 
181D Transducer, .Pressure 
182T Video Tape Recorder 

EU 3 LIFE 3CL EXPER* SUPPORT UNIT 


1 Accelerometer 
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1A Accelerometer Coupler 
6A Airflow Work Surface 
51F Coolant Loop* Liquid 
55A Crew Mobility Aida 
558 Crew Restraints 
55C Crew Work Station 
70C Equipment Restraint 
76J Flowmeter, Gas 
93A Gas Supplies 
114G liquid Etor* + Disp, Sys. 

1161 Manifold, Vacuum 

141A Plumbing 

142B Power ConcL Equip. 

178B Thermocouple Indicator 
187A Waste Storage Device 

EU 4 PREPARATION + PRESERV. UNIT 


40A Centrifuge, Bid Smpl Processor 
44 Chemicals 

44A Chemicals, Radlolsot Tracera 
70 Electrophoresis Apparatus 
77B Freezer, Cryo. 

60 Freezer, Genl 

61 Freezer* Lo Temp 
83 Frig, 

9S Glove Box, Portable 
96C Glove Box liners 
103B Incubator 

105 Kit, Chemical 

106 Kit, Rematologh + Urology 
108 Kit, Histology 

110 Kit, Microbiology 
lFiA KJt, Dissection 
118 Lyophilizer 

121 Mass Meas. Device {Macro) 

122 Mass Meas* Device {Micro) 

126A Microscope, Dissecting 
153 Staining Syst 

170 Temp, Biotic 

188 Work + Surgical Bench 

EU 5 BIOCHEM, + BIOPHYS.ANAL, UNIT 
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TA Auto Potent! o. Elec* Anal. 

11 Analyzer, Genl. Spectrophot. 
15A Atmos. Sampling System 
54 Counter, Colony Manual 
76L Ftbrometer, Blood Clot 
87 Gan Analyzer* Infrared 
91 Gas Analyzer, Mass qpec* 

S3 Gas Analyzer, RH 
138 PH Meter 
157 Sound Level Meter 
179A Thcromcouples 
1790 Thermometer, Portable Elect. 

EU6MAJNT. REPAIR + FAB. UNIT 


48 Cleaner. Vacuum 
80S Compactor (So tide) 

6SA Electrometer 
9TC Haadwlpea, Betadytw (ID ea.) 
106A Kit, Gleam* 

109 Kit, Linear Meaj. 

113 Kit, General Tool 
153B Sensors* Assorted 
162 aertllzer* Autoclave 
165 Sterilizer, Tool 
181G Treat Can 
185 Multimeter 

EU 7 ANCILLARY* STORAGE UNIT 


45 Chemical Storage Cabinet 
167B Storage, Genl. 

167C Storage* Film 

EU 11 EVA CAPABILITY UNIT 


3B Airlock 

158C Space auit Teat Consol© 

172 $>acemit 

EU 23 INTERNAL CENTRIFUGE UNIT 


43A Centrifuge* Life Sc. Research 


EU 26 RADIOBIOLOGY SUPPORT UNIT 


1€D Badges* Radiation (10 ee.) 
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Equipment Item 

144 C Hadiatlon Detector. DoJlrT 
147 Rad. Counter* Blochem. Sample 
149G Rad* Source, Shielded 



u 



EU 12 BIOMEP/BEHAV. RES. SUP. UK1T 


16B Audiometer 
18D Custom Bite Boards 
5 ID Control Console, Experimenter 
6SB Electrophya. Backpack 
65C Electrophya, Receiver 
131E Non -visual Direction Indicator 
133 Otolith Test Goggles 
144B Psycbogalvanometer, GSR 
153A Rotating LUter Chair /Console 


PI 

PI 

PI 


PI 

PI 

PI 


EU 31 BIOMEDICAL RESEARCH SUP. TOUT 

1BF Ballistocardiogram Coupler PI 

ISC Exercise, Physiol. Equip. 

19D Body Mass Mens. Device 
38F Cardiopulmonary Analyzer 
110C Kit, Human Physiology 
117LBNP 

139 Plethysmograph, Limb 

140 Hxmovlbracardiogram Coupler PI 

156F fltano Cardiogram 

182E Urine Volume Mens. %stra* 

182J Vectorcard. Coupler 


TBD 

TBD 

X 

X 


EU 40 SMALL VERT. HOLDING UNIT 

28 Cage, Total Metabolic, Rats 
30A Cage, Rat, Hampster, Std 
103 Hold. Unit, Ska. Vert. 

131J Orb. Prog GtoL Exper. Package 


PI 


EU 41 PRIMATE HOLDING UNIT 

10IB Holding Unit, Monkey Pod 
101C Holding Unit, Primate 

EU 42 VERT. RESEARCH SUPPORT UNIT 

76G Physiol. Multichan, 50ns Sy*. 

114B Kit, Vertebrate Management 
H4C Kit, Vemabrate Physiology 


X 



X 

TBD 

X 
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TBD 


TBD 
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Auxiliary 

Equipment 


Special 

GSE Equipment 


Equipment Item 


150B Receiver 

174 Tank, Vertebrate Water 
182P Ventilation Unit, Vert* 
182R Vertebrate ECS 

EU 50 PLANT HOLDING UNIT 


26B Cage* Metabolic Plant 
29 Cage* Plant 
101 Holding Unit, Plant 
175 Tank, Fismt/lnvert. Water 

PLANT RESEARCH SUPPORT UNIT 


50 CUnostat 

111 Kit* Plant Management 

13 ID UotorUed Plant Growth Monitor 


25B Colony Chamber, Sealable 
26A Cage, MetabcOic, C/T 
98A Holding Unit, Incub.. C/T 
187 C Wood! awn Wanderer 

EU 61 CELLS/11SSUES RES. SUP* UNIT 


50A Cllnoetat (for C/T) 

124 Media, Prepared 

EU 70 INVERTEBRATE HOLDING UNIT 


14 Anesthetize!-, Invert. 

25 Cage, lovertebratea 
98 C Hold. Unit, Invertebrates 
11 3 A Kit, Invert, Management 


gy LSS TEST UNIT 

115F LSS Test Console 
142 Portable LSS 


EU 91 MSI MEASUREMENTS UNIT 


15D Audio Stereo Headset 
119 MSI Tusk Simulator 
13 1H OptiBcan - Field + Fixed 
H4 Psycbomotor Perform. Console 
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Maintenance L 
Refuiblahmant 
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Maintenance & 
Refurbishment 



